Form mind body space time – the geometry of human movement by Bertol, Daniela
  
 
 
  
 
 
 
 
 
 
 
 
 
Form Mind Body Space Time – 
The Geometry of Human Movement 
 
 
 
 
 
by 
 
 
Daniela Bertol 
M. Arch. University of Rome 
 
 
 
 
 
 
 
Submitted in fulfillment of the requirements for the degree of 
 
Doctor of Philosophy 
 
 
 
Deakin University 
April 2017 
 
 
 
 


  
 
 
List of Publications, Exhibitions, Presentations 
2013 
1. The Sky from Earth: Landscape as Awareness proceedings of IFLA 50, the 2013 50th congress of the 
International Federation of Landscape: http://dro.deakin.edu.au/view/DU:30055212   
2. I Am Now Here and Feel... http:// dro.deakin.edu.au/view/DU:30051963   
3. Sky Spirals, interactive multimedia ebook https://itunes.apple.com/au/book/sky- 
spirals/id659676569?mt=13   
4. Embodying Geometry, unpublished manuscript 
2014  
5. Designer in Residence at MAD  
a. https://www.shapeways.com/blog/archives/2405-daniela-bertol-at-  mad-shapeways-
designer-in-residence.html   
b. https://www.shapeways.com/blog/archives/2405-daniela-  bertol-at-mad-shapeways-
designer-in-residence.html   
c. http://axesmundi.blogspot.com.au/2014/01/parameters-nature- human-bodyand.html   
6. Making the Sublime, exhibition at NYC MakerFaire: 
http://axesmundi.blogspot.com.au/2014/09/nyc-maker-faire-joy-of-  making.html   
7. Spatial Experiential, virtual environment design, performance and EEG recordings at PERCRO, Scuola  
Superiore Sant’Anna, University of Pisa, Italy. http://axesmundi.blogspot.com/2014/11/creative-
practice-art-science.html  
8. Sun Farm: Body, Self, Universe essay published in PAJ 
2015  
9. The Making of Geometry, conference paper for the International Design Conference at Deakin 
University http://www.sciencedirect.com/science/article/pii/S2212017315001851  
10. Designing and Making a Movement Infrastructure, conference paper for the International Design 
Conference at Deakin University http://www.sciencedirect.com/ 
science/article/pii/S221201731500190 5  
11. 11.Camminando: Urban Artwalks: New York 2014 https://itunes.apple.com/au/book/ camminando-
urban- artwalks/id1015799515?mt=13  
12. Making a Movement Infrastructure, performance at NYC MakerFaire  
d. https://makerfaire.com/maker/entry/52592/ 
e. https://www.youtube.com/watch?v=5xnnHyesJbo 
f. https://www.youtube.com/watch?v=yjUP7bb5OME 
g. http://axesmundi.blogspot.com.au/2015/09/events-nyc-maker-faire- 2015_30.html  
13. “Dynamic Visions of Space-Time in the Exploration of Virtual Environments”, unpublished manuscript 
2016 
14. Being, Vitruvian,  exhibition & performance Alfred Deakin Prime Ministerial Exhibition Gallery, Deakin 
University, Geelong (VIC), Australia. Exhibition dates 1-13 February; artist talk and performance 8 
February. http://axesmundi.blogspot.com/2016/02/artisttalk-performance-being-vitruvian.html 
15. "Being Vitruvian in the Movement Infrastructure." Symmetry: Culture and Science no. 27 (4) 
(2016):425-430  
16. Batna, M., Bertol D. (2016) “Mapping Moves and Locating Moods – Creating Emotional/ Social 
Geography on the Intersection of Private and Public Space" Late Breaking Works track at the Media 
Architecture Biennale (MAB’16) “Digital Placemaking", Sydney, Australia, 1–4 June 2016. 
http://mab16.org/  
17. “The Parametric Making of Geometry: the Platonic Solids", International Journal of Rapid 
Manufacturing,  
18. Making Moves, at NYC MakerFaire https://makerfaire.com/maker/entry/58173/ 
19. Making Moves, at Rome MakerFaire http://explore.makerfairerome.eu/poi/Exhibit_1712
  
 
 
Abstract 
Movement happens in three-dimensional space: an interaction is established with 
the body as agent of movement and the space surrounding the movement. The 
doctoral study "Form Mind Body Space Time: The Geometry of Human Movement" 
explores this interaction focusing on human movement and the geometry of space 
as defining and defined by the moving human body. Forms are produced by the 
moving body as space-time configurations and geometry is both a framework and 
source of inspiration. This creative practice-led research demonstrates the ways in 
which human movement embodies and expresses geometry and how movement 
exists in relationship with three-dimensional space. The project presents theoretical 
explorations in design, making and movement, through a phenomenological first-
person practice approach, where designing, making and moving are the 
methodological actions. The researcher’s body is the primary source of investigation 
and data collection. The geometry-inspired movement practice is established in 
urban or natural places as well as in a specifically designed framework. Drawing on 
the seminal work of Rudolph Laban, the research investigates the interaction 
between mover, movement and a built structure, called movement infrastructure, 
which supports and enables the production of movement defined by the human 
body’s symmetry and proportions. 
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1.  INTRODUCTION 
Form Mind Body Space Time is an interdisciplinary research project that aims to 
advance understandings of embodied knowledge through a practice-led 
examination of the inter-relationship between human movement and the space 
surrounding movement. The research does so within the context of geometry, 
architecture, and design through consistent exploration of my own movement 
practice which draws on yoga. The inquiry is based on three practices. The first two 
practices are the designing and making of geometry-inspired physical objects, which 
frame, inspire and represent the third practice: moving. The research is developed 
as creative work according to Aristotle’s ancient theory of productive knowledge 
(McKeon 2009). The contemporary discourse on research as practice or studio-
based research in creative arts (Bolt and Barrett 2010) is used to underpin a first-
person phenomenological research approach.  
My intention is to integrate art, design and scholarly research to the service of 
humanity throughout this research project. My argument is that the focus on 
geometry enhances the experience of human movement, by inducing mindfulness, 
and that mindfulness translates into beneficial physical and mental states. Such an 
argument derives from my anecdotal experience. I use artistic expressions as a 
vehicle to prove my argument, by creating built geometric forms which inscribe and 
inspire geometric movements.  
As denoted by the title, the research weaves together themes of form, space, 
and movement and explores the way in which geometry informs a movement 
practice. A working definition of the terms used in the title can synthesize in one 
sentence the aims and methods of the research: FORM is the configuration of a 
moving human BODY in SPACE-TIME as embodiment of a MIND process. 
The aim of the research is to contribute to emerging knowledges of theory and 
practice of forms of human movement within geometric spaces and as space-time-
based configurations. The research explores the hypothesis that there is a 
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connection between human movement and geometry by proposing a system of 
movement practice that uses externally created geometric forms, literally 
fabricated into built forms based on Laban Movement Analysis spatial constructs 
(Bartenieff and Lewis 1980, Laban 1920, 1926, Laban and Ullmann 1984, 1966). The 
aim is to observe, document and reflect on a practice of human movement within 
these specific geometric-defined spaces, based on the understanding of such forms 
as space-time-based configurations. The research draws on a cross-disciplinary 
approach to knowledge where knowledge expressed through design/technology 
and methodology/art work together to provide complementary means of analysis 
and interpretation. The study is positioned within artistically informed spatial 
practice. It employs a vocabulary of human movement drawn from hatha yoga and 
maps these movement sequences to the immediate spatial environment. The 
investigation focuses on the kinds of movement practices this process can elicit, 
explored via performance of movement: video and photographic recordings 
visualize and examine the impact of these external spaces and objects on my 
practice.  
The Context of Human Movement within Geometric Spaces 
This research revolves around the ideas that human movement is grounded in 
geometry and that movement exists in relationship with three-dimensional space. 
The definition of form in relation to structure was formulated and defined by D'Arcy 
Thompson in the statement "Form is a diagram of forces" (Thompson D'Arcy 1917, 
11). The correlation between spatial/geometric configurations and structural 
properties was clearly established in Thompson’s work in the field of biology and 
morphology; it became a sound foundation for a multitude of research in physical 
and design sciences as well as in applications in architecture and engineering, 
among which Buckminster Fuller’s research and built structures (Fuller 1975, Fuller, 
Hays, and Miller 2008, Fuller, Krausse, and Lichtenstein 1999, Fuller and Ward 1985) 
are most relevant for the design focus of this research. Form Mind Body Space Time 
evolves, from Thompson’s interpretation and Fuller’s design practice of form 
principles, into a theory and practice of human movement interacting with the 
space surrounding the human body.  
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Extrapolating from Thompson D’Arcy and Buckminster Fuller, the work of  
Rudolf Laban and collaborators provides further context for this research 
(Bartenieff and Lewis 1980, Laban 1966, Laban and McCaw 2011, Lamb and Watson 
1987, Moore 2009, Preston-Dunlop 1984). In Chapter 2, Laban’s oeuvre is analyzed 
to demonstrate his comprehensive approach to a theory and practice of human 
movement in space. Geometry is both an interpretative and methodological tool in 
Laban’s search for harmony in movement (Moore 2009). Although Laban’s work is 
prominent in performing arts, his theories of movement have found application in 
many other disciplines and fields, including psychology, physical therapy and 
ergonomics (Bartenieff et al. 1984, Lamb and Watson 1987).  
A third area that sheds light on the context surrounding this study is the 
Bauhaus school’s (Staatliches Bauhaus) approach to Gesamtkunstwerk (total work 
of art) and Gesamtwerk (total work), specifically with Oskar Schlemmer’s studies 
and artwork on geometry in movement, space and human body (Gropius 1992, 
Schlemmer 1971, Schlemmer and Gropius 1925). Schlemmer’s explorations were 
delivered in several media and objects including choreography, set designs and 
costumes (Schlemmer 1922). The Gesamtkunstwerk approach has become 
extremely relevant to the contemporary art discourse where conceptual and 
minimalist art often merge installations, video performance and other time-based 
media. In this exegesis (Chapter 2) I will show how these practices have informed 
the creative practice-led methodology applied in this research and the form of 
knowledge production. 
Form Mind Body Space Time aims to deepen the interrelationships between 
Laban’s movement theories/practices and the explorations of form and space—
initiated by D’Arcy Thompson and Buckminster Fuller—through practical 
investigation that integrates computational design techniques, material 
construction of a geometric form, and my everyday movement practice. Where 
Laban used built geometric structures as a movement reference system—mainly 
the regular convex polyhedron icosahedron, often referred to in dance as “Laban 
icosahedron”—these were mostly applied to dance and theatre training (Newlove 
and Dalby 2004). Although Laban extended his investigations on movement in the 
1940s and 1950s to optimize the movement of factory workers (Laban and 
  
 
4 
Lawrence 1974), his work is primarily associated with performing arts. This study 
applied contemporary digital technology to the design and prototyping of the 
geometric structures used by Laban with the resultant models explored through the 
practice-led research process. Practice is defined here not only in relation to 
movement but also as a mode of design and an approach to making where the 
production of the object aids the movement practice, as will be discussed in the 
methodology chapter.  The designed structures facilitate a creative investigation of 
different types of physical movements and their relationship with surrounding 
space, and in doing so, enable the mover to effect a self-study of their (my) own 
perceptual experiences.  
Given this explication of context, there are two discrete reference systems of 
interest to this study. The first system is external to the human body and involves a 
static three-dimensional built configuration: this three-dimensional configured 
space is explored through design practices and thinking through making. This 
system is referred to as a movement infrastructure throughout this exegesis and 
explained in the research questions. The second reference system is spatiotemporal 
and virtual (as opposed to built and physical), based on the practitioner’s awareness 
of themselves in space, within the three-dimensional configured geometric form. 
Here the mover imagines the geometric configurations and uses these to move in 
response to. In a sense, the mover creates (virtual) geometries in and through 
moving. The study seeks to argue that geometry exists only by virtue of the body’s 
reach, and only while the body in question is reaching.  
References to dance are deliberately omitted from the research question. Elite 
movement forms, such as dance and sport, have been extensively analyzed and 
their geometric principles articulated. This project takes a different approach, 
seeking to define practices that articulate a “movement for all” philosophy within 
an aesthetic rather than a purely recreational context. This premise is central to the 
research objectives. Given this, the study asks the following question.  
Research Question: 
1. How can contemporary design approaches and making technologies 
contribute to developing definition and spatial representation of human 
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movement in space-time for the purposes of enabling an accessible 
everyday movement practice?  
Sub-questions are: 
a.     Can a physical spatial constraint—here defined as movement 
infrastructure—be designed, visualized and built as expression and guidance 
to the geometry intrinsic to human movement? 
b.    How can the geometry of movement be defined in proprioception? 
What is the potential of the awareness of geometry to improve the 
efficiency and aesthetics of movements? 
c.     What is the potential of such a device/reference system for informing 
an awareness of geometry within the practitioner to support the 
improvement, efficiency and aesthetics of an individual’s movements? 
d.     What might be the potential for a physical movement infrastructure to 
contribute to personalized movement experiences that can potentially be 
beneficial in terms of artistic creation and of personal well-being? 
e.     How can the making of geometry influence the geometry of 
movement? 
 
In this context, Thompson D’Arcy’s statement that "Form Is a Diagram of 
Forces" (Thompson d'Arcy 1917) is applied to the human body. A moving body 
creates space-time-based configurations defined by its locations in three-
dimensional space. The space occupied by the moving body is determined by 
different anatomical systems—muscle groups, ligaments and joints, as well as 
neural systems—interacting with each other. The relationship between the form of 
a moving body and its function is mediated by the geometry of motion, which 
provides efficiency as well as aesthetic connotations. 
Ultimately, the research questions are situated within the Weltanschauung 
behind my work: search for beauty in everyday life, and how the beauty of 
geometry can offer meaning to movement. Thus, in this study, geometry acts as a 
provider of meaning and an interpretation of the world, recalling Galileo Galilei’s 
poetic metaphor of the book of the universe written in the language of 
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mathematics1 (Drake 1957). The body, moving according to geometric shapes, 
becomes a means through which to explore the space surrounding movement. 
Précis 
This section now presents the structure and thinking behind the exegesis you are 
reading. As a creative practice-led research study, the exegesis acts in partnership 
with the exhibition. In it I wish to make visible the way in which a design perspective 
has offered both an approach to researching movement and the strategies for the 
practices that were undertaken. The exegesis has five chapters. Each chapter is 
constructed as a discrete entity yet informs and is informed by the whole. As a 
practice-led research story, the exegesis is written in the first-person, informed by 
and drawing directly from the creative practice central to the research. Signposts 
and hyperlinks are pointers to the content often cross-referenced throughout the 
exegesis. 
The five chapters of the thesis are: 
Chapter 1 (this introduction) introduces the research question and sub-
questions. The work is contextualized in the background of design and movement 
theories that underscore its intent and methodology. 
Chapter 2 “The Geometry of Movement” explores the precedent studies on the 
geometry of human movement: it provides a literature review of relevant text-
based sources, including connections, comparisons, theory and the main themes of 
this project. 
Chapter 3 “The Embodiment and Making of Geometry: The Icosahedron” 
outlines the methodology as a textual description of the computational design that 
precedes the “making” component of the research, resulting in the movement 
infrastructure. It also includes a textual description of the proprioception-based 
geometric explorations based on the movement sequence ‘Finding the Axis Mundi’. 
This chapter introduces the first-person approach. 
                                                                        
1 From  Drake’s translation (Drake 1957) “Philosophy is written in this grand book I mean the 
universe which stands continually open to our gaze, but it cannot be understood unless one first 
learns to comprehend the language and interpret the characters in which it is written. It is written in 
the language of mathematics, and its characters are triangles, circles, and other geometrical figures, 
without which it is humanly impossible to understand a single word of it.” 
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Chapter 4 “Experiential” comprises what in a traditional dissertation would 
correspond to findings and discussion. This chapter presents a discussion of the 
researcher’s experiences contextualized in the process of making: the making of 
objects intersects with the making of movements, and geometry is the common 
denominator of both actions. This chapter can be thought of as a textual mapping 
of the experiential component of the research presented in the drawings and video 
recordings of the exhibition. The mapping follows a chronological timeline and 
geospatial coordinates. Each event is narrated in a four-dimensional framework, 
associating the researcher’s experience to time and places. The chapter also 
highlights how the boundaries between the space of private practice and 
performance in public places become blurred when the awareness of geometry in 
movements is established. 
Chapter 5 “From Art to Life” is the conclusion of the exegesis, summarizing the 
contribution to knowledge already introduced in chapter 4 and proposing potential 
future directions and further research. 
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2.  THE GEOMETRY OF MOVEMENT 
This literature review is built on Laban’s theories and other precedents of the study 
of the harmony of movement in relationship to the harmony of space. As Janet 
Lansdale states in reference to Laban’s work, "The theory of movement harmony 
was perhaps one of the most problematic of his [Laban’s] pursuits, requiring 
knowledge from philosophy, physiology, mathematics and the visual arts as well as 
deep understanding of movement and an intellectual agility not often found in 
movement scholarship” (Moore 2009, xii). The acknowledgement of this broad 
disciplinary context recognizes the challenge to present research on human 
movement in a wholistic approach. The literature review addresses two under-
explored areas in the extensive scholarly literature on Laban’s theories of 
movement. These two areas are: 1) the missing link between Laban’s theories and 
the Gesamtwerk of the Bauhaus, more specifically Oskar Schlemmer’s art 
explorations of the geometry of the human body and movement; and 2) the 
positioning of hatha yoga within Laban’s theory of movement. A brief summary of 
the methods and technologies used in the design and analysis of human movement 
is introduced with the intent to establish a comprehensive foundation for the 
research methodology.  
Form Is a Diagram of Forces 
D’Arcy Thompson in his exploration of the natural world published in the book 
Growth and Form stated that “the form of an object is a ‘diagram of forces,’ in this 
sense, at least, that from it we can judge of or deduce the forces that are acting or 
have acted upon it: in this strict and particular sense, it is a diagram—in the case of 
a solid, of the forces which have been impressed upon it when its conformation was 
produced” (Thompson D'Arcy 1917, 11). Such a statement was related to the 
geometry behind natural configurations, which obey the laws of physics and 
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ultimately are an expression of the mathematics underlying physics. D’Arcy 
Thompson clearly postulates the theory behind his observations as: “Cell and tissue, 
shell and bone, leaf and flower, are so many portions of matter, and it is in 
obedience to the laws of physics that their particles have been moved, molded and 
conformed. They are no exceptions to the rule that “θεος αει γεωμετρεΐ” 2 
(Thompson d'Arcy 1917, 8). The associations between form and structure were 
shown in the natural world at different scales of observations, following the 
relationship outlined below: 
form <> physics <> mathematics & geometry 
Thompson also explored the link between forms, physics and mathematics-
geometry in all the states of matter—solid, fluid, gases. He applied this 
interpretation of forms in nature to different scales of observation, ranging from 
the atomic to cellular and microscopic levels as well as the unaided human eye. He 
presented studies including cells, shells, eggs, fish, leaves, flowers, mammalian 
skeletons. The shapes abstracted from these examples were geometric 
configurations defined by the physical forces acting throughout the organism—or 
inanimate matter—not only in space but also in time. In Growth and Form time is a 
defining element of form, which is not static but changes in its growth, as implied by 
the book title itself.  
 
                                                                        
2 Greek quote meaning "God always geometrises". Translation retrieved from http://www-
groups.dcs.st-and.ac.uk/history/Obits2/DArcy_Thompson_obituary.html 
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2.1    Buckminster Fuller: from the icosahedron to the geodesic dome: left top: diagram B. Fuller, Noah’s Ark p. 
202; left bottom: diagram, J. Baldwin BuckyWorks, p.77; right: Fuller in front of the geodesic dome also US 
pavilion at the 1967 World’s Fair. Image by © Bettmann/CORBIS, retrieved from  
http://news.champlain.edu/2015/01/14/time-flynn-lovesong-r-buckminster-fuller-review/buckminster-fuller-in-
front-of-dome/ 
D’Arcy Thompson’s systematic approach to the investigation of the geometry of 
natural forms has had a major influence in the disciplines dealing with the design 
and engineering of the human made world. The understanding of how geometric 
forms can be the expression of the physics of materials has a major impact in design 
decisions involving structural and architectural design. The aesthetics of a human 
made form can result from its structural efficiency to fulfill an assigned function, 
and also from the selection of materials. Buckminster Fuller’s geodesic domes are 
renowned examples of an architectural/engineering product where geometry 
activates a design and construction process in the achievement of structural 
efficiency (Fuller 1975, Fuller, Hays, and Miller 2008, Fuller, Krausse, and 
Lichtenstein 1999, Fuller and Ward 1985). A geodesic dome structure is based on 
the geometry of an icosahedron whose edges are made of spherical arcs. Several 
subdivisions of such a spherical icosahedron define different structures whose size 
and strength relates to number of subdivisions as well as the structural 
characteristics of the edge/module and vertex/connector (figure 2.1). 
Human Body & Geometry: Embodiment of Microcosm 
The human body does not escape from this interpretation of form as a diagram of 
forces. An initial consideration is that a sole spatial configuration of the human body 
does not exist. The human body shape is time-dependent, and is the embodiment 
of the different forces that are voluntarily or involuntarily applied to it. Any action—
such as standing, walking, sitting, jumping, lying down—gives a body a different 
shape, related to the muscular forces exerted while performing the action. 
The human body can be thought as a structure, comprised of anatomical 
systems accomplishing a series of physiological functions (Martini 2000). The forces 
moving the human body shape such a body, whose form becomes an embodiment 
of the forces acting on it. Even the static representation of the human body in the 
Vitruvian Man depicted by Leonardo Da Vinci (Bertol 2014, Da Vinci 1490, Vitruvius 
Pollio 1960) represent the same human figure but in two different configurations 
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(figure 2.2). The Vitruvian Man, very significant for this research, is probably the 
most recognized example of an interpretation of the human body based on 
geometric configurations (square, circle and golden rectangle) and a statement on 
human proportions. Taken from Vitruvius’ treatise De Architectura (Vitruvius Pollio 
1960) human body proportions are specified in archaic Italian text, and placed 
above and below the drawing: a finger represents the smallest unit in this 
proportional system. 
The Vitruvian Man has been discussed from several perspectives and 
disciplines, ranging from art, design and architectures to geometry and anatomy. Of 
great relevance, as will be emphasized in the following section, is the contribution 
of art historian Martin Kemp, who interpreted the Vitruvian Man as the human 
body expression of a microcosm (Kemp 2007). According to Kemp, in Leonardo 
there was a deep connection between abstract geometric concepts, nature and the 
human body, ultimately to be reflected by buildings and their architectural 
elements. Everything was related by proportions between parts and the whole. A 
divine design based on ideal geometries was governing the natural and human 
world; the harmony found in music was seen as underscoring architectural design, 
as shown in Leonardo’s centralized design. Proportions were found in the abstract 
world of geometry which extended to the world of human creations from visual arts 
and architecture to music, whose association with mathematics had been studied 
since Pythagoras (Kemp 2007, 90-98). In the classical world as well as in Leonardo 
and the Renaissance, ideal geometries and physical reality were believed to follow a 
divine harmony3. 
                                                                        
3 A synthesis of this series of interrelations is presented by Kemp: “Everything participated in this 
harmony: the heavens moved accordingly to a divinely orchestrated pattern, the so-called ‘music of 
the spheres’: and although each individual man varied from the norm to a greater or lesser extent, 
the underlying principle of human beauty, the ‘archetype’, the ‘essence’, the ‘idea’ (or whatever else 
it might been called) reflected in miniature the harmonies of cosmic design. Man was, to use a term 
which Leonardo related to Ptolemy’s Cosmography, a microcosm or, ‘lesser world’. And man, in his 
microscopic way, should design his works according to the same principles of harmony as the 
Almighty has used in the creation of the universal macrocosm.” (Kemp 2007, 94) 
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2.2    Leonardo da Vinci Vitruvian Man (c. 1490), pen and ink, Gallerie dell’Accademia, Venice 
 
The study of the Vitruvian Man goes beyond art theory and history to find 
pragmatic application in the definition of ergonomics and standards relating the 
proportion to space design (Panero and Zelnik 2014, Dabbour 2012). The 
proportions and ideal geometries of the human body shift from theoretical and 
philosophical studies to establish foundations for anthropometric applications, 
where the human factor defines the design of objects and spaces for human use. 
Besides the Vitruvian Man, other works offer a geometric interpretation of the 
human body (figure 2.3). The most remarkable examples from the Italian 
Renaissance include: Leon Battista Alberti’s Tabula Dimensionum Hominis from ca. 
1462 (Alberti and Collareta 1999) and Carlo Urbino’s drawings in the Codex Huygens 
(Panofsky and Pierpont Morgan 1971). In the 17th century, Robert Fludd illustrated 
the human body inscribed in polygons to express the relationship between the 
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human microcosm and the macrocosm (Fludd 1617). From the same period, human 
movement is also shown as deconstructed in geometric shapes in Giovanni Battista 
Braccelli’s 1624 drawings “Bizarrie di Varie Figure” (Bracelli et al. 2000). 
 
2.3    Human body and geometry: right top Cesare Cesariano, Di Lucio Vitruvio Pollione de Architectura (fol. 
CXLIX r), Como 1521; right bottom: Giovanbatista Braccelli, “Bizzarie di varie figure” (1624); middle: Carlo 
Urbino (ca. 1510/20–after 1585) Codex Huygens, fol. 7; right: Robert Fludd Utriusque Cosmi, Maioris scilicet et 
Minoris, metaphysica, physica, atque technica Historia (1617-21), frontispiece  
 
The above precedents present a geometric interpretation of the human body, 
where the human body is not a static, fixed form, but a series of configurations. The 
body’s geometric configurations expand to the space outside the body, often 
suggesting built architectural objects/containers. The definition of form as a space-
time-based configuration (Takaki 1994) is easily applied to the human body, whose 
form changes in space at any given time. The generic definition of movement in 
physics—as displacement of a particle/object in a time interval (Okun 2012)4—can 
also relate to the human body, not only as object but also as hierarchical system of 
anatomical parts. Movement as the form of the human body in space and time is 
recorded in several art and science media, from chronophotography (Coe 1992, 
Corbett 2008) to contemporary digital motion capture technologies.  
A moving human body implies the phenomenology of movement: movement 
can be expressed as a series of perceptions implying spatial directions (Norberg-
                                                                        
4 The definition given by Okun outlining the fundamental concepts of physics is the following: 
“Motion is the displacement of a particle in space. If the motion is translational (i.e. uniform and 
rectilinear) then the velocity v of displacement is given by the formula v = r/t where r is the path 
covered and t is the time the displacement took.” 
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Schulz 1971, Piaget and Inhelder 1969).  The implication of spatial concepts and 
perceptions closes the initial loop of form as mathematical and geometric construct. 
This study relies on this thinking of geometry as a methodical approach to exploring 
the form of the human body in space and time. From here it is useful to consider 
the way in which such practices have also been linked and aligned to sacred and 
natural geometries. 
Nature and Sacred Geometries 
The association of geometry to nature has a long tradition which is consolidated in 
the work of D’Arcy Thompson and which I have exploring for several decades as a 
scholar and as a designer. These explorations are often at the borderline between 
scientific observation and spiritual practices; geometry goes beyond its pragmatic 
role to provide tools for scientific observations and applications, to become an 
absolute truth and assumes a sacred value (Skinner 2009). In this set of 
assumptions, there is an implicit claim that it acts to unify the world of nature with 
the human mind.  
Plato’s discourse on the regular polyhedra—which were named ‘Platonic solids’ 
after him—is discussed further in chapter 3 as part of the methodology; it assumes 
a great role in this paradigm, where the ideal world of geometry is linked to proto-
scientific  theories (Plato 2007). The polyhedra are part of this worldview, where art 
and science are complimentary means of understanding reality. This Platonic 
paradigm continued through the Renaissance and beyond. It reestablished its role 
in the contemporary Weltanschauung where the digital worldmaking often reunites 
artistic expression with scientific theories, overcoming the 
specialization/differentiation in knowledge following the industrial revolution. 
Often polyhedra had important presence in the iconography of treatises. Two 
outstanding examples are the De Divina Proportione—with text by Luca Pacioli and 
illustrations by Leonardo (Pacioli 1509)—and the 1619  treatise De Harmonices 
Mundi  (Kepler 1997). In the latter, the regular polyhedra are illustrated according 
Plato’s theory which associated each solid to the four elements of nature; the fifth 
solid, the dodecahedron identified ether. Both treatises present a way to interpret 
the universe through a paradigm where the beauty and harmony of geometry rule 
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over the form and laws of nature. Such reflections are also included in the above 
paragraphs about the Vitruvian Man and the human body as microcosm. This 
tradition is most relevant to the work undertaken in this study through the golden 
ratio. 
The golden ratio, identified with the Greek letter φ, is another geometric 
property which is often included in sacred geometry. Euclid, even if he did not use 
the term “golden ratio” provided a description in the definition 3 of book VI of The 
Elements: “A straight line is said to have been cut in extreme and mean ratio when, 
as the whole line is to the greater segment, so is the greater to the less” (Euclid 
1956).   The golden ratio can be also described as “the ratio of two quantities A and 
B, where B>A, such as: A+B/B = B/A = φ ~ 1.6180339887” (Bertol 2011b, 430). 
Euclid’s definition for the straight line can be generalized to any other geometric 
entity—e.g. squares, circles, arcs, spirals. The golden ration also is closely related to 
the Fibonacci series. 
The golden ratio is present in nature in many entities, including shells, leaves 
and flowers (Ghyka 1977, Thompson D’Arcy 1917, Weyl 1952). The human body 
proportions can also be related to the golden ratio which represents “an 
approximation of the ratio of the height of a human body to the distance between 
navel and ground” (Bertol 2016a). Such approximation is often verified in classwork 
where teachers ask the students to measure the height of their navel and their 
overall height  (Olson 2006, 20). Although presumably there is no ratio which equals 
exactly the golden ratio, yet its approximation is uncanny. Throughout different 
ethnicities and genders, the ratio between a human body height and distance 
between the feet and the navel is a close approximation to the number φ ~ 
1.6180339887, linking to the proportions already established in the Vitruvian Man 
drawing. 
There are also many examples in the Eastern traditions: special geometric 
forms based on golden ratios, equilateral triangles, hexagons, are found in the 
visual expressions of mandalas and yantras or other spiritual understanding of the 
human body as chakras. These are discussed later in the concluding chapter of this 
exegesis. Sacred geometries encompass very broad topics which will not be 
explored in depth in this research, yet should be mentioned. 
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Rudolf Laban: Movement, Space and Its Representation 
Rudolf Laban’s theories and practices of human movement are influential for his 
seminal explorations of the relationship between space, geometry and human 
movement (Bartenieff and Lewis 1980, Forsythe and Tanzarchiv 1999, Laban 1926, 
Laban and Ullmann 1966, Longstaff 2011). Although Laban (1879-1958) died over 
half century ago, scholars, choreographers, performing artists, physical therapists—
and other researchers or practitioners involved in the study of movement—are still 
interpreting and developing his theories and work spanning from theoretical 
explorations to performing arts and education. Computing methods have been 
employed to further develop Laban dance notation system since the 1970s (Brown 
and Smoliar 1976). Digital explorations inspired by Laban’s theory of harmonic 
motion have been carried on in the contemporary dance landscape, most 
noticeably in the “Improvisation Technologies” of William Forsythe (Forsythe and 
Tanzarchiv 1999). Concepts from the Laban Movement Analysis are also used in 
robotics and artificial intelligence (Rett, Dias, and Ahuactzin 2008, Zhao and Badler 
2001); these contemporary investigations are testimony of the actuality—and 
perhaps timeless nature—of Laban’s explorations. His reach went far beyond 
choreography and dance, having a great impact in movement therapy and even for 
development of efficiency in factory workers movements (Dörr 2008, Laban and 
Lawrence 1974). He proposed the notion that harmonic movement is not only for 
performers—actors, dancers and musicians—but for everybody in any life activity 
(Dörr 2008, Laban 1920, Laban and McCaw 2011). In the context of this research 
Laban’s work is particularly relevant for the focus on the spatial-geometric 
characteristics of movement. His theories and practices of the geometric 
relationship between human movement, space and modalities of representations 
are developed in a multitude of disciplines, practices and media including Laban’s 
choreographic work and performances, as well as his writings, drawings and 
teaching methodologies. 
Laban’s initial educational background was not in dance but in visual arts and 
architecture—which he studied at the École des Beaux-Arts in Paris (Moore 2009). 
His theories on movement were integrated with explorations on space and 
geometry in an organic Weltanschauung typical of the first decades of the twentieth 
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century: ritualistic dances merged with spatial concepts in a synergetic integration 
of writings, performances and visual art works. He interacted with the most 
remarkable visual art currents of that era, including Der Blaue Reiter and the Dada 
movement (Dörr 2008). This connection between Laban and art avant-garde was 
also mentioned in the 2012 exhibition Inventing Abstraction at the Museum of 
Modern Art (New York, USA). The exhibition established connections between art 
spanning different geographic locations throughout Europe: Laban was linked to 
Mary Wigman, Hans Richter and  
Tristan Tzara (Dickerman and Affron 2012). For the purpose of this research I will 
present only Laban’s concepts—and some of the applications to performance or 
movement studies—which are the most relevant to the relationships between 
movement, space, geometry and representation.  
The presentation is based on a chronological as well as thematic approach, as 
some of the main concepts are repurposed by Laban and his collaborators in 
different contexts throughout the decades. As noted by Carol-Lynne Moore (Moore 
2009) Laban’s work lies mainly in the creation of a movement notation system 
(which was later called Labanotation) as well as a taxonomy, or classification, of 
human movement, which is often referred to as Laban Movement Analysis (LMA). 
Both works relate movement to space and to its representation by drawing as the 
main means of exploration/interpretation to be integrated with the actual 
performed human movement.  
Laban’s interest in western esotericism led him to ideal geometries and 
harmonic compositions (Moore 2009, Reisel et al. 2005a), which were explored 
throughout his work in both visual and performing arts. This investigation of 
harmonic movement may seem to be of a more spiritual, and perhaps less rational, 
nature, yet it became the source of several developments from Laban’s theory. 
Several of these geometry-based explorations continued in LMA, which was 
developed further into different modalities by Irmgard Bartenieff, Lisa Ullmann and 
Warren Lamb. LMA is still object and tool for contemporary research not only in 
dance but in health sciences, physical therapy, psychology (Bartenieff et al. 1984, 
Bartenieff and Lewis 1980, Foroud and Whishaw 2006, Zhao and Badler 2001) and 
even animal studies (Fagan, Conitz, and Kunibe 1997). The broad spectrum of 
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Laban’s work has been inspirational not only in terms of content but also for the 
outreach in multiple disciplines and practices. 
Laban’s Published Works 
Laban’s work involves several disciplines as well as different media—writings, 
drawings, photography, films, performance, educational programs, and public 
events. There are many cross-references between texts—often written decades 
apart. The effort to find a linear development of theories and practices is often in 
contradiction with a chronological continuity. Carol-Lynne Moore emphasizes how 
Laban, who is still considered one of the major theorists in the field of dance, was 
involved solely in performing arts only for one third of his career, in the years 
between the two world wars (Moore 2009). This observation is particularly relevant 
to my research: materials have to be drawn from different sources and media in the 
effort to outline the specific investigations on geometry, space and movement. 
While the relationship between space and movement is quite obvious in dance, the 
geometric layers of intersections between space and movement are often 
understated. These layers are almost constantly present in Laban’s works but drawn 
from different types of narratives and media. Movement is also linked to inner 
mental states, which are expressed by physical movements. Laban writes about “in-
tensions” and “ex-tensions” (Laban 1920, Laban and McCaw 2011). This semantic 
evokes associations between mind, body and spirit. The seminal ideas introduced in 
this book will be revisited in later writings and lead to several movement practices 
throughout Laban’s research until his death in 1958, and continued even 
posthumously by his legacy. 
Laban’s first book, Die Welt des Taenzers (The World of the Dancer), was 
published in 1920 (Laban 1920, Laban and McCaw 2011) and can be considered a 
manifesto of Laban’s vision about movement. Here Laban clearly states his belief 
and view that everybody is a dancer: “Every artist is a dancer… so are thinkers and 
dreamers, and in his unrealized nature so is every man” (Laban 1920, Laban and 
McCaw 2011). This book also introduces recurrent concepts which will be 
developed in more detail in later work—form, space and force, spatial directions, 
crystals, harmonics, effort and movement in workplace (Laban 1920, Laban and 
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McCaw 2011). Laban’s philosophy can be easily found in this text: movement here is 
intended not only as an art form, but also as an expression emerging from everyday 
activities. The concept of form defined as “harmony of strivings of force” (Laban 
1920, Laban and McCaw 2011) is also the object of exploration of this research.  
In the 1926 book Choreographie, Rudolf Laban further develops a system of 
representation of movement (Laban 1926, Laban and McCaw 2011, Longstaff 2001, 
2011), also contextualized in his more general themes of forms and spatial 
directions—which make this work most relevant for my research. An English 
translation and commentary of this important text has been made available online 
by the dance scholar Jeffrey Longstaff (Longstaff 2011). The title of the book refers 
to the 1701 treatise by Raoul Auger Feuillet Chorégraphie, ou l'art de décrire la 
danse (Feuillet 1701), which included a systematic two-dimensional representation 
system for dance notation and to which Laban dedicates Chapter 17. This text goes 
beyond the establishment of a graphical system to represent movement; Laban 
states his objectives—a form theory based on the dialectic between static and 
dynamic forms, the concept of tension and the role of paths connecting several 
forms. He goes beyond the investigation of movement to define movement in 
relationship with space, as announced by his mention of “trace-form” as the form 
defined by the mover’s body in three-dimensional space (Laban 1926, Longstaff 
2011). Choreographie also introduces photos of movement practices in the 
icosahedron (figure 2.4) and a description of scale A and B, also performed inside 
the polyhedron, which will be of great importance in Laban’s choreography.  
 
2.4  Practice in the icosahedron  (Laban 1926a, 14, 24) 
 
Choreutics was written in 1938 but published in 1966, eight years after Laban’s 
death; it was developed further—edited and annotated—by his longtime 
collaborator and life partner Lisa Ullmann (Laban 1966; Laban and McCaw 2011). 
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Laban’s almost mystical approach to geometry is stated in the preface with 
references to Pythagoras and Plato (Laban 1966). The mental properties of 
movement are also explored with references to inner states and attitudes as 
expressed by different type of movements (Laban 1966, 48, 91, 100, 113). In this 
work, which is perhaps the most representative of his oeuvre, Laban fully and 
maturely develops all the themes that have been part of his previous work—e.g. 
movement directions, notations, kinesphere, trace-forms, Platonic solids. Some of 
these themes, which have been extremely relevant in this research, will be 
discussed in a later section of this literature review titled “The Harmony of 
Movement in Space”. 
A Vision of Dynamic Space was compiled by Lisa Ullmann and published by the 
Laban Archives, in association with Falmer Press, in 1984, twenty-six years after 
Laban’s death (Laban and Ullmann 1984). It is a poetic collection of Laban’s 
drawings dated 1938-40, which are mainly composed of geometric shapes and 
accompanied by thoughts and aphorisms. The visual content of this book—which 
has provided great inspiration for my methodology—mainly consists of sketches 
and drawings of human figures inscribed in geometric configurations, derived from 
the five regular polyhedra: tetrahedra, cubes, octahedra, dodecahedra and 
icosahedra. There are also photographs of three-dimensional models, usually made 
of paper. Geometry, as well as stylized figures, is meant to represent movement 
through a static medium. Laban, perhaps aware of how time is absent from these 
representations, often creates models and drawings of Möbius bands, which he 
calls “lemniscatic bands” (Laban and Ullmann 1984, 23). More complex geometric 
configurations are also presented, including the “spiroid progression of spatial 
inclination” (Laban and Ullmann 1984, 25) and “interpretation of crystalline 
structures” (Laban and Ullman 1984, 39). Laban’s interdisciplinary knowledge and 
reference to science is also shown in a few notes, where he mentions core concepts 
of the theory of relativity, e.g. space-time and the curvature of space due to the 
gravitational field, and the “multi-dimensionality of space” (Laban and Ullmann 
1984, 18). Concepts from contemporary physics are introduced in reference to 
creative expressions and the relationship between movement and space given by 
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the “trace-forms”, which “can be taken as the temporal and transient unfolding of 
energies in space” (Laban and Ullmann 1984, 37). 
The selection of drawings and photos of sculptural models included in this book 
has provided a great inspiration for my research and practice. Coming from a design 
background, I find meaningful precedents in Laban’s theoretical explorations 
developed by two-dimensional and three-dimensional visual art media, such as 
drawings and sculptures, which were a means to interpret space during his lifetime. 
Living in a time when contemporary digital technologies are often integrated within 
art practices, my contribution to Laban’s theories is in applying 
computational/digital methodologies to several explorations illustrated in this book, 
with modalities typical of contemporary art practices. 
The Harmony of Movement In Space 
Laban’s theories on movement can be classified under the categories of choureutics 
and eukinetics (Moore 2009). Choreutics deals with the spatial characteristics of 
movement, while eukinetics is concerned with the concept of effort. Eukinetics is a 
term Laban introduced “when he explored the laws of harmony within kinetic 
energy” (Laban 1966). Although choreutics and eukinetics cannot be conceived as 
completely separate categories, choreutics is the main focus of this research and 
the following paragraphs deal mainly with its key concepts.  
According to Carol Lynne Moore, Laban’s theories on movement and space can 
be positioned in the early twentieth century visual art context, where his first 
training and work as visual artist took place (Reisel et al. 2005b). Seemingly 
separate efforts converged in his studies of human movement in space. An initial 
motivation can be found in his pragmatic intent of creating a notation system for 
human movements, which required the understanding of the spatial environment 
of movement. Moore also situates Laban’s effort in creating a taxonomy of 
movements not in dance, but in the visual and decorative arts, which offered many 
examples of design sourcebooks; he was searching for a theory of harmony in 
human movement, which could generate a vocabulary of movement forms similar 
to the shapes presented in sourcebooks for visual artists.  
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Laban’s harmony of movement, also according to Moore, had precedents in the 
theory of harmony for the structure of musical compositions (Reisel et al. 2005b). 
Another interest in harmony was of a more conceptual nature, deriving from the 
interest in Western esotericism which permeated the art avant-gardes at the 
beginning of the twentieth century, including the search for spirituality in art 
(Kandinsky 1914). The harmony of colors in art compositions had an important role 
in Kandinsky’s theory of composition and could have provided a source of 
inspiration in Laban’s definition of harmonic structure in movement, related to 
geometric and spatial forms.  
Forms, Trace-forms and Scales 
The concept of form is explored in several of Laban's works, starting from Die Welt 
des Taenzers (Laban 1920). According to Laban, form is not only the form of the 
human body: movement itself creates form. The concept of forms and its geometry 
is drawn from Greek philosophy: references to Plato and Pythagoras are present in 
the preface of Choreutics (Laban and Ullmann 1966), a text which represents the 
main exploration of Laban’s theory of movement as harmony in space. The 
concepts of idealized geometric forms and movement are recurrent throughout this 
book: the circle is the perfect form used as one of the ideal measurements for 
movement studies. In the preface Laban introduces the title and the etymology of 
the terms used in the book, explaining why they are so relevant to the content 
(Laban and Ullmann 1966, viii): 
"Choreosophia" an ancient Greek word, from choros, meaning circle, and sophia, 
meaning knowledge or wisdom-is the nearest term I have discovered with which 
to express the essential ideas of this book. ... Choreology is the logic or science of 
circles... It was a kind of grammar and syntax of the language of movement, 
dealing not only with the outer form of movement but also with its mental and 
emotional content. This was based on the belief that motion and emotion, form 
and content, body and mind, are inseparably united. Finally, the third subject, 
choreutics, may be explained as the practical study of the various forms of (more 
or less) harmonised movement. 
 
In the second chapter of Choreutics the concept of space is introduced as 
related to the human body and ultimately to movement, which is explained as the 
expansion and contraction of a body (Laban and Ullmann 1966, 18). The spatial 
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directions and their reference system, which are defined according to the cube, are 
related to the concept of form. Spatial orientations are also associated with the 
symbols of the Laban movement notation system.  
Forms are closely connected with movement, which is also related to time. 
Already in the Choreutics introduction Laban states how forms constantly change in 
time or, as he posits, “wax and wane uninterruptedly” and “forms are 
simultaneously created with and through movement”. What is static is only a 
“snapshot-like perception of the mind” (Laban and Ullmann 1966, 3). 
In the following pages of Choreutics Laban defines movement in terms of one 
of his key concepts, “trace-forms” (Laban and Ullmann 1966, 5): 
Movement is, so to speak, living architecture - living in the sense of changing 
emplacements as well as changing cohesion. This architecture is created by 
human movements and is made up of pathways tracing shapes in space, and 
these we may call "trace-forms." A building can hold together only if its parts 
have definite proportions which provide a certain balance in the midst of the 
continual vibrations and movements taking place in the material of which it is 
constructed. The structure of a building must endure shocks from alien sources, 
for instance, by the passing traffic, or by the jumping of lively inhabitants. The 
living architecture composed of the trace-forms of human movements has to 
endure other dis-equilibrating influences as they come from within the structure 
itself and not from without. 
This passage is particularly relevant to my research: architecture is the 
discipline at the core of my background, and often I have used the human body 
metaphor for buildings and human-made structures, in a fashion somehow 
opposite to Laban’s analogy. Another important statement found in this paragraph 
concerns the proportions between parts—a topic explored by Laban in later 
sections of Choreutics, where regular geometric solids are used as frameworks for 
movement sequences. 
Trace-form is a recurrent concept: the term denotes the invisible pathway 
followed by a limb or another part of the human body moving in three-dimensional 
space from one location to another. Such invisible pathways are explored with 
diagrams, models or even sculptures (Moore 2009). Once again Laban’s background 
in visual arts assists in his conceptual explorations, visualizing the invisible time 
dependent aspects of movement. 
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Scale is another key concept, introduced in relationship to natural and 
spontaneous movements: “natural sequences of movements exist which we follow 
in our various everyday activities” (Laban and Ullmann 1966, 37). Laban states that 
these sequences of movement—which he also calls “scale”—are related to the 
anatomical structure of the human body and link the anatomical parts following a 
logical framework (Laban and Ullmann 1966, 37). Movement scales are often 
thought of as being analogous to musical scales in the search for harmony in the 
mathematical ratios and laws. 
Kinesphere and Dynamosphere 
Laban’s concept of kinesphere is used throughout his work and is clearly defined in 
Choreutics as the spherical space surrounding the human body and reachable by 
extension of arms and legs (Laban 1966, 10), without stepping away from that place 
which is the point of support when standing on one foot, which we shall call the 
"stance." He defines the kinesphere also as a personal space that changes as we 
step away from it—and define a new stance. The sphere surrounding our moving 
body is always with us “like an aura” (Laban 1966, 10). 
The kinesphere (from the Greek term “κίνη”, movement) is crucial in the 
movement analysis as it creates a reference system relating the moving body with 
the space outside. Laban associates the kinesphere with the range of motion of the 
human body (Laban and Ullmann 1966, 106). 
As discussed in the methodology chapter, the movement reference system at 
the centre of this study, which I call ‘movement infrastructure,’ is loosely based on 
the concept of the kinesphere. During the research period, it has been developed as 
a virtual digital model and also built as a physical three-dimensional structure. The 
departure from Laban’s concept of kinesphere is in the emphasis on the aesthetic 
expression of the built components of this reference system.  
The dynamosphere is another recurrent term, defined in Choreutics (Laban 
1966, 30) as “The space in which our dynamic actions take place ". The cube is the 
geometric shape used to represent the actions of the dynamosphere, explored by 
Laban in eukinetics studies. The dynamosphere is not central to the discussion in 
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this exegesis and is not explored further. The literature review now turns to the 
specifics of design in terms of polyhedra and crystals. 
Polyhedra and Crystals 
The five regular polyhedra—tetrahedron, cube, octahedron, dodecahedron and 
icosahedron—are a recurrent theme in Laban’s work (Longstaff 2001, Moore 2009, 
Newlove and Dalby 2004) and were explored in his writings, drawings and 
movement practices. Quite surprisingly there is no extensive mention (or perhaps 
no mention at all) of the duality relationship between pairs of regular polyhedra. 
According to such a relationship the vertices of one polyhedron are coincident with 
the vertices of its dual and vice versa: the cube is the dual of the octahedron and 
the icosahedron of the dodecahedron, while the tetrahedron is a dual of itself 
(Hilbert 1932). The duality principle could have been purposefully used in the 
understanding of movement scales and transitions. This observation has derived 
from my practice: as discussed in Chapter 4, where I detail more fully the way in 
which I move in a physical built icosahedron, and draw, with my body, a virtual 
dodecahedron, generating the dual polyhedron. 
Laban often refers to the Platonic solids as crystals (Reisel et al. 2005b) and 
makes analogies between the moving human body and the growth of crystals 
(Laban 1966, 26, 29, 102, 105). Crystallization is sometimes meant as isolating 
movement in time, but Laban also attempts to explain movement “scientifically” as 
“a kind of dynamic crystallography of human movement in which spatial tensions 
and transformations are scientifically examined” (Laban 1966, 103). Even if Laban 
uses the word “scientifically”, such interpretation of movement in terms of 
crystallography can be considered more as metaphor or analogy. He describes the 
human body as “built up according to the laws of dynamic crystallization”, stating 
that “Old magic rites have preserved a great deal of knowledge about these laws” 
and that “Plato's description of the regular solids in the Timaeus is based on such 
ancient knowledge” (Laban 1966, 105). Nevertheless, there is a clear statement 
about the relationship between movement and the polyhedra—a relationship 
stated not only in Laban’s writing but also in his practice, mainly in the use of the 
icosahedron as a physical construction surrounding the performer’s movements. 
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The Icosahedron, The Golden Ratio and The Anatomical Planes 
The icosahedron is particularly important in movement theory because of its 
relationship with human body proportions. Such a relationship is explained 
according to the golden ratio, in Laban’s words: “the proportion between the length 
of the dimensional and diagonal transversals of the icosahedron and the length of 
its surface-lines follows the law of the Golden Section.” In the same paragraphs 
Laban states that "Pythagoras proved that the human body is built according to the 
Golden Section,” although Pythagoras’ proof is not explained (Laban 1966, 108). 
The icosahedron’s vertices coincide with the vertices of three identical 
rectangles orthogonal to each other. The sides of each rectangle are related by the 
golden ratio. The rectangles also lie in the three anatomical planes passing through 
a human body whose navel coincides with the center of the polyhedron. In anatomy 
and biomechanics three imaginary orthogonal planes are used to describe the 
anatomy, physiology and movement of the human body. The sagittal (lateral) plane 
is a geometrically vertical plane, perpendicular to the earth, and divides the human 
body in left and right; the mid-sagittal plane passes through the navel. The 
horizontal or transverse plane is a geometrically horizontal and parallel to the earth; 
it divides the human body in upper and lower areas, also called cranial and caudal, 
from head and tail. The frontal or coronal is a vertical plane, perpendicular to the 
earth, which divides the human body in the anterior from the posterior region—the 
front and back, or ventral and dorsal (Martini 2000). 
Laban Movement Analysis and Somatic Education 
Laban’s taxonomy of movement was expanded in the body of theories and practices 
called “Laban Movement Analysis” (LMA), which Laban initially developed in 
conjunction with his direct collaborators. LMA continued after Laban’s death, 
branching into different fields and somatic practices, from physical therapy and 
movement education to the performing arts (Bartenieff and Lewis 1980, Laban and 
Lawrence 1974, Levy and Duke 2003, Moore and Yamamoto 1988, Reisel et al. 
2005b).  
LMA approach to movement is based on four categories, summarized by the 
acronym BESS (Body Effort Shape Space). As summarized by Ingmar Bartenieff, LMA  
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can be approached three ways: through study of the body structure and 
morphology, through study of the paths and spatial tensions of the movements 
available to the body, and through study of Effort- the attitudes of the mover in 
relation to space, weight, time and flow (Bartenieff and Lewis 1980).  
These categories are not independent from each other but are integrated. 
Breath has also become an import component, especially in the “Bartenieff 
Fundamentals” (Bartenieff and Lewis 1980), a LMA application to physical therapy 
developed by Irmgard Bartenieff (1900-1981), who studied dance with Laban in 
Germany and then moved to the US and started to apply Laban’s principle to 
physical therapy. 
LMA can also be considered part of a larger discourse on human movement: 
somatic education, which is defined as “mind-body learning approaches that are 
kinesthetic and somatosensory in nature—that is, motion and awareness are taught 
to return the patient to intuitive, natural movement” (Jonas). Thomas Hanna 
provides a definition of somatics related to phenomenology:  
Somatics is the field which studies the soma: namely, the body as perceived from 
within by first-person perception. When a human being is observed from the 
outside—i.e., from a third-person viewpoint-the phenomenon of a human body 
is perceived. But, when this same human being is observed from the first-person 
viewpoint of his own proprioceptive senses, a categorically different 
phenomenon is perceived: the human soma (Hanna 1986). 
As Sylvie Fortin posits, there are several stages of development of somatic 
practices, evolving from methods established by pioneers. These methods are 
spread in the US and Europe by disciples and at a later stage are integrated with 
other disciplines in a specific cultural context, discipline or practice—such as 
performing arts, education, psychological or physical therapies. Finally, there is a 
social recognition of the initial pioneering approaches, resulting in the development 
of communities of scholars and practitioners (Sparwasser et al. 2008). The 
Bartenieff Fundamentals are an example of such pathways, since after the death of 
Ingmar Bartenieff they branched into other somatic practices, including therapeutic 
and rehabilitation practices such as physical therapy, and  training for actors 
(Bartenieff and Lewis 1980, Reisel et al. 2005b). 
Several movement practices in the mind-body approaches are considered part 
of somatic education (Sparwasser et al. 2008), including the Alexander Technique 
(Zahn 2008), the Feldenkrais Method (Eddy 2009), and Body Mind Centering 
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(Kuypers et al. 2006). This doctoral study is aligned to these bodies of knowledge 
however it is outside the scope of this current study to discuss the psychological 
implications of geometry-inspired movement.  
Geometry of Movement in Post-Laban Dance Practices 
Laban’s theory on the geometry of movement has major significance in dance, even 
if it did not gain the popularity of Labanotation, his movement notation system. The 
icosahedron is still associated to Laban’s name; it is used in dance studios and 
referred to as the “Laban Icosahedron”. But perhaps some of William Forsythe’s 
choreographies represent one of the best examples of use of geometry, in the 
contemporary dance discourse linked to Laban’s theories. 
Forsythe Geometric Vocabulary 
Forsythe uses contemporary technologies to emphasize a dance vocabulary inspired 
by geometric forms relating to body movements. Geometric primitives such as 
points, lines, and cubes, are articulated by a syntax of geometric transformations, 
such as folds and extrusions, generating a series of body drawings in three-
dimensional space. In Improvisation Technologies the geometric primitives are 
abstract elements superimposed in video post-production, while Forsythe’s body is 
the agent of the geometric transformations (Forsythe and Tanzarchiv 1999). The 
geometric language is the point of departure for the improvised sequences. 
In an interview with Megan Reisel, Forsythe identifies Laban as the source of 
inspiration for his movement-space explorations. Forsythe explains how he uses 
geometry to define a movement language to explore space and forces. According to 
his approach, “You can create space from space or occupy space or imagine space 
to be occupied creating spatial objects” (Reisel et al. 2005b, n.p.). This approach is 
explored in the imaginary vectors arising from a moving body. In the other spatial 
definition the body instead moves to avoid objects in space. Forsythe states that  
One idea of space generates other spatial phenomena due to accidents of physics 
and physique… Structure composes gravity… Gravity is the secret of space…You 
can create space or occupy space… Body can emanate vectors. It can move into 
space folds and unfolds (cited in Reisel et al. 2005b). 
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He also mentions several geometric primitives and transformations used as 
improvisation exercises: point-point, line, extrusions, reflections, refractions. In 
Forsythe’s view, lines extend from the body and move; such lines can originate from 
points in any location of the body. Forsythe comments that the mathematical 
abstractions found in Laban’s theories can be derived from the Neo-Platonic 
thinking of the eighteenth century. Forsythe also acknowledges how his own work 
“is attached” to Laban’s theory; he hopes to express Laban’s voice in a twenty-first 
century context and that other movement practitioners can also become 
contemporary voices for Laban’s theories (Reisel et al. 2005b, n.p.).  
I have found both Forsythe’s interpretation of Laban’s work, and his 
choreographic work derived from geometry, reassuring. My background is in 
architecture and design and thus I have been approaching space from such 
disciplines. Working with movement is somehow influenced by this architecture and 
design background. Looking at Forsythe’s work in dance and his theories on 
movement and geometry has provided a validation to my approach and creative 
thinking about movement practice. This chapter now turns to discussing movement 
vocabulary with a particular consideration of yoga practice. 
A Movement Vocabulary: Deconstructing Yoga 
Movement is a language; this literature review section introduces my movement 
vocabulary used in the methodology and practice. Such a vocabulary is inspired by 
hatha yoga and is based on its geometric deconstruction; I am using the term 
‘deconstruction’ more generally, without implications to Jacques Derrida’s theories 
(Derrida 1980). A parallel can be established between the geometry of movement in 
Laban’s theory and the geometry of the human body in static yoga asanas 
(postures). This parallel represents a juxtaposition of a Western cultural approach 
to somatic practices with an Eastern tradition. According to Moore, Laban’s search 
for the occult and spirituality could have been fulfilled by yoga if this tradition had 
been available to him (Reisel et al. 2005b). Yoga can be situated in the same 
conceptual framework as Laban’s theories: a wholistic view of movement as mind-
body expression.  
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Hatha yoga is an important precedent of geometry-informed somatic practices, 
but does not explicitly emphasize how the alignments of almost every posture 
relate to geometric primitives (Svatmarama and Akers 2002). It is also a precedent 
of how a spiritual practice originating in Eastern cultures (Satchidananda 1984) has 
become mainstream and almost a mass phenomenon in the Western world, having 
a major impact beyond physical fitness and extending to health and mental benefits 
(Arambula et al. 2001, Field, Diego, and Hernandez-Reif 2010, Kasamatsu et al. 
1957, Vialatte et al. 2009, West et al. 2004). 
Yoga is a practice, philosophy and science that presumably started in India in 
the pre-Vedic period (Samuel 2008). Yoga draws from Hindu and Buddhist 
traditions. The Yoga Sutras of Patañjali, dating to the 400 CE, is the main text 
summarizing yoga tenets and comprises 196 aphorisms relating to the mind-body 
connection (Satchidananda and Patañjali 1985). Yoga is founded on the notion of 
integration of different human states: mind and body, breathing (pranayama) and 
mental states (Ballentine and Hymes 1998, Jerath et al. 2006, Ramacharaka 2007, 
Vialatte et al. 2009). 
Hatha yoga comprises the physical practices of yoga—asanas—training the 
body to the meditation practice necessary to achieve the mental states described in 
the Yoga Sūtras. Such practice was systematically compiled from earlier texts in the 
Hathapradīpikạ by Svātmārāma in the 15th century CE (Svatmarama and Akers 
2002). 
In my practice-led research, selected asanas—based on the alignment of the 
human body to ideal axes and planes—can be deconstructed into geometric 
primitives (e.g. lines, circles, triangles). The movement sequences are given by the 
transition between asanas, and represent a syntax of geometric transformations—
stretching, rotation, translation, twists (Bertol 2014). Such practices are often 
inspired by vinyāsa (flows) where one asana transitions into another (Ramaswami 
and Krishnamacharya 2005) in movements often defined as moving meditation, or 
body prayer. The place of yoga within the research is more fully considered in the 
methodology. 
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Total Work and Everyday Practices 
It is useful to consider the way in which Laban’s practices intersect with total work. 
Laban was born and lived exclusively in Europe, and thus one can question if he was 
thinking independently or as a product of this culture. Laban’s work can be certainly 
seen as a product of an interdisciplinary approach to knowledge and practice. It has 
also been noted by several scholars that his philosophical interest in esotericism 
was linked to his interaction with the art avant-gardes of the first two decades of 
the twentieth century (Laban and McCaw 2011, Preston-Dunlop 1998). Surprisingly, 
neither in the biography nor in the scholarly explorations of Laban’s oeuvre are 
there references to interactions with the Bauhaus, the school merging art, design, 
architecture, photography, and theatre. The Bauhaus operated in Germany 
between 1919 and 1933—coincidently almost the same period spent by Laban in 
Munich. Their complementary approaches to movement and geometric space offer 
potential for prolific further explorations.  
A reference to the Bauhaus has several motivations for my research. The first 
reason can be found not only in my background in architecture, art and design, but 
also in the research methodology—which combines design, built structures and 
movement practices, in modalities similar to the Bauhaus Gesamtwerk. The other 
motivation is related to the content, that is, how movement relates to space and 
geometry, augmenting the performer’s body with geometric prosthetics to clearly 
identify the geometric configurations. 
Schlemmer: “Man” and Geometric Space 
From the overall Bauhaus philosophy and production work on geometry in 
movement, space and the human body (Schlemmer 1971, Schlemmer and Gropius 
1925), Schlemmer and Gropius’ work are of most relevance for this research. Both 
Schlemmer and Laban explored ways to express movement within a geometry-
based spatial environment, but with different intentions. Laban’s interest can be 
identified in defining the geometry of movement as an inner harmony, where 
geometry is associated with the inner properties of the human body, e.g. the golden 
ratio, the icosahedron or the Lissajous curves. In the Bauhaus performances, space 
is still defined by geometric configurations, but outside the human body; the 
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performer’s movements are led by a spatial infrastructure of ideal geometries 
materialized in set designs, costumes and masks.  
Oskar Schlemmer’s work consisted of drawings, costumes, set designs and 
choreography. The human body was deconstructed in geometric forms almost 
embedded in the surrounding space as shown in the graphic explorations of “Man” 
shown in figure 2.5 (Schlemmer 1971). Schlemmer’s explorations on geometry and 
the human body can also be considered a physical, built expression of Laban’s 
theory on the geometry of movement. Geometric shapes are constructed as 
costumes and sets. Lines, spirals, circles—which in Laban were ephemeral signs 
defined by movements of the human body—become physical objects, designed and 
built with the accuracy and craftsmanship of architectural and design fabrications.  
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2.5   Body, movement and geometry in the Bauhaus Gesamtkunstwerk: Oskar Schlemmer drawings from “Man 
and Art Figure” ca. 1921 retrieved from http://library.calvin.edu/hda/node/1434 
 
In the shift from ephemeral movements to spatial constructions, the geometry 
of movement turns into moving geometry. Triadisches Ballett (Triadic Ballet), which 
premiered in Stuttgart in 1922 (Schlemmer 1922), is a colorful rendition of moving 
bodies embodying geometric shapes (figure 2.6). The choreographic sequence 
devoted to the spiral is most intriguing for the recursive geometry of the spiral 
expressed at different scales, expanding from the hat on the head of the dancer to 
her costume, and finally to the stage floor pattern traveled in rotational and 
translational movements, characteristics of the geometric properties of the spiral.  
 
2.6   Body, movement, geometry and color in the Bauhaus Gesamtkunstwerk: Oskar Schlemmer Triadische 
Ballet  (Triadic Ballet) ca. 1922: reconstructed in 1968 by Margarete Hasting for the film Man and Mask: Oskar 
Schlemmer and the Bauhaus Stage. Retrieved from http://www.goethe.de/kue/tut/tre/en4630204.htm; stills 
from film excerpts retrieved at http://www.youtube.com/watch?v=8c6B7VKfdW4 
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Several other Bauhaus dances have been reconstructed in the past three 
decades (McCall et al. 2014); in almost all the performances the geometric qualities 
of movement are emphasized in continuity between body, movement and space. 
Costumes often are made of industrial material objects—such as poles, pipes and 
hoops—and become almost a prosthetic element of the performer’s body, an 
interface between the moving performer and the static stage. Geometric primitives 
such as lines and circles are inscribed in the stage floor and guide the performer’s 
movements. 
The extension of the geometry of the movement of the human body to the 
surrounding space emphasized in the Bauhaus dances has provided inspiration for 
this research methodology, in the effort to integrate movements with physical 
constructions. 
The Contemporary Gesamtwerk  
What we need is not the Gesamtkunstwerk, alongside and separated from which 
life flows by, but a synthesis of all the vital impulses spontaneously forming itself 
into the all-embracing Gesamtwerk (life) which abolishes all isolation, in which all 
individual accomplishments proceed from a biological necessity and culminate in 
a universal necessity. (László Moholy-Nagy 1969, 17)  
The philosophy of the Bauhaus School is characterized by Gesamtwerk. Design 
evolves in completely interdisciplinary and multimedia modalities at different scales 
of intervention, involving architecture, graphics, photography, furniture, stage set 
and choreography (Moholy-Nagy 2002, Moholy-Nagy et al. 1969, Schlemmer 1971, 
Schlemmer and Gropius 1925). The notion of Richard Wagner’s Gesamtkunstwerk 
(Stein 1960) became expanded and extended outside the boundaries of art to 
Gesamtwerk to involve production in a more extensive and less exclusive context. 
The notion of total work merging multiple disciplines and applied arts with 
architecture, in the effort of masterminding the final product, is also present in the 
contemporary discourse on creation/delivery of content using digital applications 
(Ackerman 2007, Lerner 2005, Prager 2006, Smith 2012). 
The notion of Gesamtwerk is also found in analog contemporary art practices, 
including site-specific installations and performance art (Bishop 2005, Rosenthal 
and Rosenthal 2003). The contemporary art landscape seems to escape the 
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restrictive medium-based definitions—such as painting, drawing, sculpture, 
performance—to merge into a multimedia product. Similarly to the art production, 
the place of an art event also transcends its tradition. The conventional places of art 
events, such as museums and galleries, often extend to fairs, pop-up stores and 
private residences; or, in the public realm, to parks or even streets.  
The daily practices discussed in sociology texts (de Certeau 1984) expand to art 
practices (Rorimer 1991). The separation between art and life had already been 
challenged since Dadaism and Marcel Duchamp’s art interventions. His readymades 
(Duchamp 1978) questioned the distinction between the art object and the object 
in everyday life, bringing found objects and ordinary goods into art galleries and 
museums. In the past two decades, visits to museums and contemporary art 
galleries can confirm that pop art, conceptualism and arte povera followed a similar 
approach: ordinary, mass produced objects become artwork.  
Most recently in 2015, three exhibitions presented artworks based on ordinary 
everyday objects and practices: On Kawara: Silence at the Guggenheim Museum, 
New York; In the Studio: Photographs at the Gagosian Gallery, New York and Self: 
Portrait of Artists in Their Absence at the National Academy Museum, New York. In 
these exhibitions, making art is interwoven with living life and the artist’s studio 
becomes an experiential place. The three exhibitions present integrate different 
types of media in installations merging photography, video and sculpture with 
found objects, newspaper clips and postcards. The On Kawara retrospective was 
perhaps the most illustrative of the art-life link; it consisted of visual memoirs of the 
artist's existence as a practice of art, accurately recorded in diverse media, including 
paintings, drawings, artist books and mail art. 
In 2016 there have been many other outstanding art expressions reiterating the 
merging of life with art and art with life. I selected two works which I find extremely 
relevant to my practice—especially in the performative action in public places of 
Finding the Axis Mundi. These works related to the celebration of aesthetics in 
everyday life at the intersection between public and private space, as well as to the 
affirmation of the therapeutic properties of art. 
Subway Therapy is a project in progress, started by the artist Matthew Chavez 
in 2016 (Chavez 2017). Chavez started sitting in several New York City subway 
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stations with a book he offered to passersby to write their thoughts and secrets. 
The project became very prominent in the days following the USA Election Day (8 
November); sticky notes were offered to subway passengers who started to write 
their frustration, anger and sadness about the results. Almost 50,0000 sticky notes 
were written and posted on subway station walls, creating a spontaneous mosaic of 
colorful paper with written expressions of thoughts and feelings. The most 
prominent display was in the Union Square station. The sticky notes were 
eventually removed in January 2017 but a selection has been preserved at the New 
York Historical Society. 
The other 2016 project is the extensive survey of the work by American artist 
Mierle Laderman Ukeles, presented In September 2016 at the Queens Museum. 
The exhibition, titled Mierle Laderman Ukeles: Maintenance Art, displays 
documentation of the multimedia work and performances of Ukeles, who for over 
36 years has been artist-in-residence at the New York Department of Sanitation 
(Phillips 2016). In 1969 she authored The Manifesto for Maintenance Art 1969 
(Ukeles 1969), stating the importance of the domestic role of women in often 
unpaid household activities such as cleaning and cooking. The notion of 
maintenance became extended to the public realm to address environmental issues 
in the maintenance of the Earth. 
Although the conceptual modest tone of these projects seems far from the 
explicit grand aesthetics of the Bauhaus works, the notion of Gesamtwerk is 
present. The convergence of simple media and actions generates a seamless work 
stating the continuity between art and life in the convergence between personal 
and political, private and public space. These themes will be discussed again in the 
conclusion of this exegesis.  
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3.  THE EMBODIMENT & MAKING OF 
GEOMETRY: THE ICOSAHEDRON 
This chapter sets out the research approach that unfolded across the duration of 
this project and establishes that it consists of three interwoven practice-led 
activities which have been termed: Designing, Making, Moving. These three aspects 
of practice come together to form the core research methodology in the study. A 
research methodology is a framework of methods grounded in the theoretical 
underpinnings of the inquiry. In creative practice research in which a practice-led 
approach is adopted the “materials and methods used in the studio form part of the 
enquiry itself—often the process involves inventing new methods” (Bolt and Barrett 
2010, 191). Bolt and Barrett also state “it is not just about making meaning with 
what we have at hand, but of making new ways of making meaning through 
practical inventions” (Bolt and Barrett 2010, 191). This is an important characteristic 
of creative arts practice-led research, as it acknowledges and foregrounds the 
practice as a site of new knowledge, and also highlights the necessarily emergent 
nature of the way in which the researcher might understand the component 
methods. Such methods are ‘…necessarily emergent and have been subject to 
repeated adjustment, rather than remaining fixed throughout the enquiry’ (Barrett 
2010, 6), Such uncertainties are important aspects of practice-led research 
methodology so that the apprentice researcher is supported to avoid, to the extent 
that it is possible, accumulating proof of a preformed hypothesis and, instead, is 
enabled to allow the complex interactions within the practice to exist in their own 
terms. 
These considerations are particularly relevant to my practice-led research, 
where the creative practice reaches across designing, making and moving, and 
where my body in motion is implicated alongside the making of objects which then 
function as a physical framework for my moving body. In such practice there is a 
convergence between the inquiring subject and object of inquiry in dialectic 
continuity. The use of dialectical opposites is recurrent in the process of form 
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generation in movement making: space-time, solid-void, mind-body, static-dynamic 
and finally inside-outside. The creation of modalities of body movements is a means 
to interact with the space around the moving body; in this study I propose that such 
processes are led by geometric configurations, bringing a dialectic relationship 
between the mental space of geometry and the physical space of the body.  
This approach parallels my academic, professional and personal journey as 
research artist, designer and yoga practitioner, all of which I bring into this practice-
led research. For the purposes of organizing this chapter, designing and making will 
be discussed as a research narrative, which is based on the visualization of 
movements and production of the movement infrastructure presented in the 
exhibition and site-specific installations. More specifically, designing and making are 
utilized in answering research question 1.a: “Can a physical spatial constraint—here 
defined as movement infrastructure—be designed, visualized and built as 
expression and guidance to the geometry intrinsic to human movement?” Moving, 
although implicit in all the subquestions, is directly addressed in subquestions 1.b-e, 
which does not require the movement infrastructure as a built geometric 
constraint; the geometry of movement is phenomenologically experienced in 
proprioception. The movement sequence Finding the Axis Mundi answers 
subquestion 1.b.  
The development of a potentially daily practice is part of the methodology and 
suggests the design and construction of a movement infrastructure. The 
representation of movement has a predominantly visual narrative, where the 
representation itself becomes a component of the methodology from verbal 
descriptions, diagrams, photographs, and moving images.  
Designing and Making a Prototype 
The built movement infrastructure enables a mapping of the three-dimensional 
symmetry of space to the human body. The creation of a prototype as “initial model 
of an object built to test a design” (UXL 2015) is essential to test the movement 
infrastructure.  
The theoretical explorations addressed in the main research question are 
articulated in the associations between geometric configurations and body 
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postures, as well as in the movement sequences between one posture and the 
successive one. The movement infrastructure is a built reference system designed 
to inscribe as well as solicit movements inspired by its own geometric 
characteristics. The design and making of prototypes of the movement 
infrastructure are at the core of this methodological approach. This methodology 
will be tested in the creation of new knowledge will be described in the following 
chapter, titled “Experiential”. In the next part of this chapter, I describe practices 
leading the research in terms of movement, practitioner perception of movement, 
and mapping movement in relationship to time and space. 
Phenomenology – A Practitioner’s Perception of Moving 
A significant proportion of the research journey relied on my own perception as a 
mover. As stated above, my experience in making the geometry influenced my 
movement in relation to geometry and informed what I came to recognize as a 
‘geometry of movement’. As a researcher, I was able to map this emerging 
knowledge in two discrete ways. Inside the movement experience through first 
person accounts of my own perceived experiences, and outside the experience, 
through videoing my practice and watching it back. The outside experience was 
extended and augmented through what might be considered ancillary practices; 
making a built structure as a physical reference system to verify the geometry of my 
own movements.  The first-person approach is grounded in phenomenology (Varela 
and Shear 1999) and refers to concepts discussed by Varela5 in his work in cognitive 
sciences—which led to neurophenomenology. I draw on Varela’s key concepts of 
embodiment and awareness in reference to the use of my own body in the 
exploration of the geometry of movement, as mindful experience of moving. 
The first person account might be understood in terms of autoethnography 
from social sciences (Ellis, Adams, and Bochner 2011, Anderson 2006, Jewkes 2012) 
                                                                        
5 I refer here to the following statements on ‘gestural awareness’: “We wish to present here a 
structural description of the basic gesture of becoming aware. Such a description does not come 
from nowhere: our work is rooted in a renewed, contemporary phenomenology. The 
phenomenology we advance is characterized by the way it works: its operational, procedural or 
performative dimension. In a word, its praxis, its center is the practice of the so-called 
phenomenological reduction or épochè. It is characterized far more by its enaction, than by its 
internal theoretical structure or an a priori justification of knowledge.” (Depraz et al. 2000, 121). 
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where it is defined as “an approach to research and writing that seeks to describe 
and systematically analyze (graphy) personal experience (auto) in order to 
understand cultural experience (ethno)” and is considered as “both process and 
product” (Ellis, Adams, and Bochner 2011). In this study, the focus of understanding 
is on perception rather than cultural experience, and so Varela’s conception is 
pertinent. That said, autoethnography offers a supporting framework for reading 
the video and photographical recording from my practice. Within these two 
approaches, the research story aims to document the flow of process and 
production, where the practice-led research experience provides an account of my 
growing awareness of the geometry of my moving body. 
In the moving, my body is a source of knowledge and intuition, with references 
borrowing also from Eugene Gendlin’s notion of “implicit understanding” and first-
person and third-person processes (Gendlin 2009). In the experience of moving, the 
research considers the ways in which my body relates to the outside environment 
within the geometric framework established by built or visualized geometric 
configurations. The practice proposition explores body drawings which, in turn, 
inspire geometric thinking in the mover. As such, this method supports me as a first-
person mover to document my externally-observed body, and to imagine the body 
drawings as ephemeral creations, time-based configurations as expressions of a 
dialogue between the inner self and the outside environment.  
Geometry, Embodiment, Movement  
From a phenomenological perspective, the form of the subject’s body in space-time 
could also be contextualized in Husserl’s concept of epoché.  Although the 
exploration of epoché is not one of the major foci of this research, the 
phenomenological approach implies the questioning of the relationship between 
the moving subject to the space of movement.  Such relationship is also a statement 
of how the moving subject becomes aware of movement as primordial experience 
of existence, almost in a reflection on Descartes’ methodic doubt (1637): “Je pense, 
donc je suis” (Descartes 1988) becomes “I move, therefore I am”.  In this context 
geometry is a framework for the prioceptive experience of the encounter between 
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body and space. Existing is stated by moving and moving exists as the geometrical 
configuration of mover’s body in space-time.  
In a phenomenological context the inquiry on the truth of geometry has been 
undertaken by Husserl in his essay on the origin of geometry (Derrida 1978), 
bearing the homonymous title. As stated in the introduction by Derrida, the 
considerations on the historical and epistemological importance of geometry are 
some of the main concerns of Husserl’s text, and were already introduced in Logical 
Investigations (Husserl 2005), published almost three decades earlier in 1936. The 
investigations in both texts offer a very strong statement about the historicism and 
objectivity of geometry. Derrida wrote in the introduction that Husserl considers 
that “the mathematical object is ideal. Its being is thoroughly transparent and 
exhausted by its phenomenality. Absolutely objective, i.e., totally rid of empirical 
subjectivity, it nevertheless is only what it appears to be. Therefore, it is always 
already reduced to its phenomenal sense, and its being is, from the outset, to be an 
object [être -object] for a pure consciousness” (Derrida 1978, 27). Derrida 
emphasized the ideal, non-experiential existence of geometry, which is perhaps a 
common statement from an epistemological standpoint. 
Even being aware of the importance of Husserl’s contribution to the definition 
of the phenomenological role of geometry, my own search for meaning in geometry 
is not concerned with its epistemology; it focuses instead on the potential of the 
perceptual experiences solicited by a geometric-spatial environment. The presence 
of geometry in the world of perception and worldmaking is experienced as 
embodied by the space-time configurations of a moving human body. Geometric 
shapes, such as circles, triangles, squares, and polyhedra are drawn by the moving 
body: ideal sacred geometries (Ghyka 1977) meet phenomenology in movement. 
The experiential encounter with geometry happens through the physicality of 
human movements, which obey laws of nature, such as gravity or the anatomical 
limitations of the human body. The geometry driven movement explorations in this 
study can be grounded in the structural intuitions defined by the art historian 
Martin Kemp (Kemp 2000, 2006) as a way of engagement with the physical world 
around us, finding patterns and association often inspired by natural geometries. 
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The focus shifts from the nature of geometry of Husserl’s investigation to the 
geometry of nature—including the human body itself. 
The embodied cognition, arising from the perception of the world around my 
moving body, also plays an important role. In this context Lakoff and  Núñez offer a 
comprehensive perspective about the social as well as natural and physical 
environment where mathematics is situated, starting from the bodily involvement 
which becomes instrumental in the definition of the mathematical process (Lakoff 
and Núñez 2000). A geometry inspired movement practice represents an example 
of how “embodiment provides a deep understanding of what human ideas are, and 
how they are organized in vast (mostly unconscious) conceptual systems grounded 
in physical, lived reality” (Núñez et al. 1999, p. 50). 
I have been drawing the geometric approach present not only in this research 
but overall in my work in art and design, from quite different paradigms. The 
symmetry and mathematical foundations of design practice have been explored 
since my master thesis in architecture (Bertol 1983). Platonic solids have always had 
a prominent role in my scholarly research and art practice.  Uncannily, when I 
started exploring the influence of movement on mental and emotional states from 
an interdisciplinary health and neuroscience perspective, the Platonic solids 
returned through the work of Laban and his use of geometry in movement theories. 
The shift was for me in the medium of the investigations on geometry, from outside 
spatial environment to inner states elicited by my moving body.  
The Study of ‘Form’ and My Background 
I have been working for three decades at the intersections between art, science and 
technology. The seemingly divergent themes and practices of my work encompass 
architectural and product design, published writings, art in nature, video and 
performance art (figure 3.1). The interplay between digital world and 
physical/analog world has also been expressed with different media and materials. 
In the past four years of soul searching during this research, I realized that a study 
on form was the thread weaving these different approaches with knowledge 
production and multiple practices.  
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Form—defined in this context as a space-time configuration—has been 
explored in my work in multiple materials at different scales and processes for over 
twenty years. Most recently I have been focusing on the relationship between form 
and structure in nature and overall biological processes, in a study (Bertol 2011b) 
propaedeutic to the present research, which explored the human body form. The 
human body does not have a fixed form: a human body configuration varies in 
space and time. This research focuses specifically on such dynamic form; the 
methodology establishes a set of practices to weave together different types of 
explorations where movement is the medium embodying the form of the body in 
space-time.  
 
3.1 Work in different media based on the concept of form 
 
The work on form has paralleled my explorations of space from an architect’s 
and visual artist’s background dealing with solid-void fabrications in the physical 
world. The form of architectural space emerges from a solid-void dialectics as 
presence-absence of physical materials, while the form of the human body during 
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movement is ephemeral and changes in time. A dialogue exists between the form of 
architectural space and the form of movement space: the former can be considered 
as an external static object of perception while the other is a dynamic inner creation 
of the perceiver/moving subject 4(Bertol 1994a, 1997).  
In my work the relationship with geometric space is twofold. The first reference 
to geometry is internalized, present in proprioception and expressed only by 
movements, which, similarly to Laban’s “trace-form”, define primitives in two-
dimensional and three-dimensional space—lines, polygons, circle, cones—as well as 
more complex shapes such as spirals, helices and twisted forms. In the second 
modality, the reference to geometry is generative of physical constructions, 
comprising several prototypes of the movement infrastructure, which becomes a 
built reference system for the geometry created by the movements maker during 
the practice. 
The use of dialectical opposites is recurrent in the process of form generation in 
movement making: space-time, solid-void, mind-body, static-dynamic and finally 
inside-outside. The inner form of the human body moving in the surrounding space 
is the expression of the self in the outer world. Geometry provides not only a 
conceptual framework but also inspiration and the means to develop form from an 
abstract mental configuration to a physical object recorded by observations; or, 
recalling the inner-outer dialectic, it shapes the movement expression of inner 
states in outside places. 
Sun Farm 
Another exploration of geometric configurations, which was in some way influential 
for this research, is the art in nature project Sun Farm (Hudson Valley, New York): a 
built expression of ideal geometric forms interacting with the natural landscape. 
Sun Farm, started in the early 2000s, is an experiential place and built vision, 
encompassing thought processes, theories, disciplines and several practices of 
making, in both virtual and physical space. The shaping of the landscape and 
structures is oriented to solar and celestial alignments, where the Sun's daily path—
from sunrise to sunset and its disappearing at night—is represented, literally and 
metaphorically, by two spirals connected by a ¾ of mile long axis. The two 
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intersecting spirals make a cosmography—using this term as inspired by the 
homonymous Renaissance work (Apianus 1524)—inscribed in the landscape by 
different fabrications, which are both metaphors and literal expressions of celestial 
phenomena.  
Besides the physical interventions in the landscape, the cosmography-related 
artwork includes video, cartographies, and drawings6. Already in Sun Farm7 the 
concept of form is manifested dynamically embracing the human body as well as 
the landscape. The conceptual path is also narrated in videos and drawings 
presented at the exhibition Cosmography (figure 3.2) in Hudson (New York, US). 
Prior to this research, Sun Farm has already been the site for other site specific 
performance art work (Bertol 2015d). Based on ritualistic actions, the performances 
relate to the spatial definition of land art interventions, which have been designed 
to frame celestial events (Bertol 2008b). The movement sequence Finding the Axis 
Mundi was performed in 2006-2011 at three Sun Farm locations: Axis Mundi (in a 
pond), Sunrise Trellis and Square Field. While the built interventions in Sun Farm 
landscape served as orientation in the natural landscape, there was no physical built 
framework to inscribe movement sequences; my body was used as awareness of 
the link between the earth and the perception of the sky.  
 
                                                                        
6 complete documentation is in the archives/collection of the Center for Art + Environment of the 
Nevada Museum of Art 
7 A visual description and map of the project can be found in the website Sun Farm, video clips in 
http://sky-spirals.org/skyfromearth/, while an interview in the art and criticism journal la critica 
describes the thought process behind the use of form from the land to the body. 
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3.2 Announcement of exhibition: Cosmography 
Methodology Terminology 
A semantic description clarifies the actions of the practice-led approach based on 
designing, making, moving—not in a linear narrative but in a cross-referential loop 
(figure 3.3), where the three actions relate and influence each other in the 
generation of forms.  
Design comes from the Latin de-signare (de “out" + signare "to mark,"). Herbert 
Simon states: “Everyone designs who devises courses of action aimed at changing 
existing situations into preferred ones” (Simon 1988, 67). Design is associated with 
problem solving, envisioning a product as a solution of a problem. Although the 
term is usually associated with the design of a physical, tangible output—e.g. 
graphics, architecture, product design—in its broader definition design 
encompasses an overall intent of producing answers to a problem. 
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3.3 The loop of practice 
Making is the physical output of a concept; the manifestation of process ideas 
becomes object. There has been a shift in language where making is often not 
associated with physical production but with system or processes—e.g. place 
making or dance making. In the past decade a ‘maker’ culture has developed 
merging different practices and products into making. 
Movement creates the form of the (human) body in space-time and relates to 
motion defined in physics (mechanics) as “a change in position of an object with 
respect to time” (Nave et al. 2014). Human movement can be voluntary or 
involuntary; this research is only concerned with voluntary movement. 
The iterative practices of designing, making and moving generate the output of 
this research which might be understood as the making of form, with a different, 
yet complementary meaning in architecture and movement practices. In 
architecture form is usually static, made of materials, and does not change in time. 
For a movement practitioner, form—body configuration in space-time—is 
ephemeral, dynamic and changing as it relates to a spatiotemporal environment.  
Maker Movement and Movement Maker  
This research can also be contextualized in the burgeoning Maker Movement. In the 
past decade there has been a growing interest in the action of making as a creative 
expression, usually articulated in object production. The Maker Movement 
designing 
making moving 
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represents more than exploration and application of tools or latest technologies in 
the production of physical objects; making in its broadest meaning becomes a 
Weltanschauung and intent, a programmatic statement leading to knowledge 
production.  
 The Maker Manifesto (Hatch 2013) states that: “Making is fundamental to 
what it means to be a human. We must make, create, and express ourselves to feel 
whole”. Making extends from personal growth experience to a socio-economical 
phenomenon. Neologisms such as “makification”, or the acronym DIY (Do It 
Yourself) have been incorporated in language, and making is also establishing a new 
paradigm in education (Cohen et al. 2016, Dougherty 2012). The Maker Movement 
encompasses many facets of human manufacturing, in both technologies and end 
products, including electronics, robotics and drones to digital fabrication, more 
traditional crafts, furniture, apps, artwork, and musical instruments among others; 
most recently makers’ DYI products have been included in healthcare applications. 
The Maker Faire, organized by Maker Magazine, is an annual event taking place in 
several cities around the world since 2006. The Maker Faire is a community event 
involving makers as well as an increasingly large audience, often engaged in 
interactive exhibits and performance. 
I have been resorting to the Maker Movement in a twofold way. The first, most 
evident, is the actual design and making of several prototypes of the movement 
infrastructure. Some of the components have been produced utilizing methods 
embraced by makers, including digital design and rapid prototyping. More 
specifically, the designed components are made by 3D printing—an additive 
manufacturing (AM) technology based on fused deposition modeling (FDM). As 
discussed in the “Experiential” chapter, such components as well as prototypes of 
the movement infrastructure have been exhibited in the 2014, 2015, 2016 editions 
of the New York Maker Faire and in the 2016 Maker Faire European edition, which 
took place in Rome. 
My other involvement with the Maker Movement does not encompass material 
production but revolves around the making of ephemeral objects: movements, 
which are time-based phenomena. Movement is already present in makers’ work, 
but usually manifested in non-human production—drones, robotics or interactive 
  
 
49 
arts. DIY motion capture devices are also included in various exhibitions or 
performances at Maker Faire. In my contribution to the Maker Movement I 
emphasize human movement as a mindful creative act; the tool utilized in 
movement production is the human body itself. Making movements elicits also my 
personal addition to the Maker Manifesto (Hatch 2013), an open document, as 
suggested by the manifesto text: "In the spirit of making, I strongly suggest you take 
this manifesto, make changes to it, and make it your own. That is the point of 
making" (Hatch 2013). Such an addition emphasizes that, while moving is an 
essential prerequisite of human life, its awareness characterizes movement as 
making process. 
As stated in the section on the methodology semantics, in my research the 
making of form involves both physical and static objects as well as ephemeral and 
dynamic processes related to movement as definer of the form of a moving body. I 
chose to use a digital fabrication process for the making of the physical objects, for 
accuracy and ease of production, which ensures the matching of the built structure 
to the abstract geometric entity it reproduces. Accuracy in fabrication promotes 
easier geometric alignments during the movement sequence. 
Space and Making in Movement and Architecture 
The experience of architecture is dependent on our corporal existence and body 
movement in space. Here, sensory experience is both the recording of the stimuli 
and, at the same time, an intentional act of projecting images, formal exigencies, 
bodily scale, and spatial cognition  
Rudolf Arnheim (Arnheim 1998) 
Arnheim’s statement, enmeshed in his theories on space and visual perception, is a 
powerful summary of how the experience of architecture is found in both space and 
body movement. This statement has been relevant to this research, given my 
background in architecture and my present involvement with movement making. 
The geometric approach, which was leading my work in architectural design, is also 
leading my current explorations on movement. Geometry is the thread connecting 
‘making in space’ while ‘moving in space’. While I move I envision my limbs aligned 
to lines or curving into arcs, my torso twisting about axes or my back bending, 
shaping waves or splines. Gestures in space create imaginary drawings (in a similar 
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way to Laban’s trace-forms that have been discussed in Chapter 2) that I am 
recording with video and photography, in an attempt to demonstrate how I 
associate them to space-time coordinates, showing the way movement is mapped 
as an event in space-time. The geometric shapes that inspire me—as an architect 
and object designer—to design a house or an earring, also lead my body to draw 
(make) circles, triangles, squares, pentagons and spirals in the three-dimensional 
space surrounding my body. 
Media: Physical Construction, Digital Worlds and Ephemeral 
Phenomenon 
Alongside the practices of design and making, I have used digital technologies 
throughout the research process; starting from genetic algorithms in the conceptual 
design phase to Rapid Prototyping techniques in the fabrication. I am using a similar 
approach to narrate my explorations as a movement researcher and maker. The 
relationship between physical material and ephemeral phenomena is achieved by 
making visible a dialectic continuity between these seemingly antithetic 
expressions: physical and digital, static and dynamic, permanent and ephemeral. 
Two concepts—movement infrastructure and axis mundi—reveal this dialectic 
continuity. 
Why a Movement Infrastructure? 
The term movement infrastructure in this methodological context has a dual 
purpose, relating to the dichotomies mentioned in the above paragraphs: it bridges 
the physical, static solids-void space of architecture with the dynamic and 
ephemeral space-time of movement. Both purposes relate to the dictionary 
definition where an infrastructure is the “basic physical and organizational 
structures and facilities (e.g. buildings, roads, power supplies) needed for the 
operation of a society or enterprise” (Dictionary.com). The first use of a movement 
infrastructure refers to a built structure enclosing the human body, serving as 
support and measurement system for movement sequences (figure 3.4). The 
movement infrastructure is also a conceptual framework which references human 
movement to a geometric system based on proportion and harmonic relationships 
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between the moving body and the geometric shapes created during movement 
(Bertol 2016b, Laban 1966). This is an ephemeral embodiment of dynamic 
geometries.  
Such a duality is also expressed in the physical construction of the movement 
infrastructure, which is based on the icosahedron—one of five regular convex 
polyhedra—and made of digitally designed/3D printed components integrated with 
off-the-shelf parts. The geometry of the icosahedron connections inspires and 
reflects at the same time, in an almost cyclical process, the movement sequences 
performed inside.  
The built platonic solids are frameworks for the moving body to follow. Using 
these frameworks, it is possible to draw imaginary geometric shapes and trace 
Hamiltonian paths; that is, “a graph path between two vertices of a graph that visits 
each vertex exactly once”8. Hamiltonian paths are performed inside the movement 
infrastructure (figure 3.5) become an expression of the relationship between the 
physical world of materials and ephemeral movements9. 
 
                                                                        
8 Retrieved from http://mathworld.wolfram.com/HamiltonianPath.html 
9 This practice of building platonic solids is the subject of a paper published in Journal of Rapid 
Manufacturing (Bertol, 2016b)  
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3.4 The icosahedron as body framework 
 
3.5 Hamiltonian paths inside the icosahedron 
 
THE FIVE REGULAR CONVEX POLYHEDRA (PLATONIC SOLIDS) 
The movement infrastructure is inspired by Laban’s concept of kinesphere, which he 
defined as “the sphere around the body whose periphery can be reached by easily 
extended limbs without stepping away from that place which is the point of support 
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when standing on one foot” (Laban 1966). In my research, the concept of 
kinesphere is translated into the five regular convex polyhedra: tetrahedron, 
hexahedron (cube), octahedron, dodecahedron and icosahedron. The five regular 
polyhedra are also called Platonic solids, in reference to Plato, who discussed their 
properties in the dialogue Timaeus, written in 360 B.C. circa. The philosopher 
associated each polyhedron to the elements of nature: the tetrahedron to the fire, 
the cube to earth, the octahedron to air, the icosahedron to water, and the 
dodecahedron to the ether (Plato 2007). From here on, the terms “Platonic solids” 
and “regular polyhedra” are used interchangeably.  
The Platonic solids have been iconic geometric forms for thousands of years, 
illustrated (figure 3.6) by Leonardo da Vinci (Pacioli 1509) and recreated in different 
scales and media by a multitude of artists and scientists. The unique symmetry 
properties make these polyhedra of great interest not only for mathematicians but 
also for artists, architects and scientists (Coxeter 1973, Darvas 2007, Hilbert 1932, 
Weyl 1952). The solids also represent one of the foundations of Laban’s theory on 
the relationship between human movement and geometry (Laban Centre for 
Movement and Dance 1992, Laban 1966, Laban and Ullmann 1984, Moore 2009); in 
Laban’s discourse they are often referred to as “movement scaffolding”. Although 
Laban devoted several texts and visual materials to the kinesphere and the Platonic 
solids, the icosahedron is the main—perhaps only—built fabrication used in his 
dance practice and choreography. 
 
 
3.6 The Platonic solids depicted by Leonardo da Vinci in De Divina Proportione (Pacioli 1509) 
 
For the design and built fabrication of the movement infrastructure I chose to 
use models based on the five regular convex polyhedra, instead of a sphere which 
would have been more respondent to Laban’s kinesphere. This choice has been 
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motivated by the geometric property characterizing the Platonic solids: spherical 
symmetry (figure 3.7). In the world of geometry, spherical symmetry is exhibited 
only in the five Platonic solids (Hilbert 1932) and in the four star-polyhedra, also 
called Kepler-Poinsot solids (Coxeter 1973). Spherical symmetry is extremely 
relevant when a geometric form becomes a built fabrication, and a continuous 
surface is more constructible by discrete elements; each regular polyhedron is 
characterized by equal and regular faces (regular polygons), which makes feasible 
and efficient use of equal construction parts (Bertol 2016b). The five Platonic solids 
are therefore better suited as a models of a built enclosure of the kinesphere as 
they comprise regular systems of points (Hilbert 1932).  
 
3.7  Spherical symmetry: the five regular polyhedra inscribed in identical spheres—radius shown in grey. The 
solids are shown left to right in increasing number of facesL a) tetrahedron; b) cube; c) octahedron; d) 
dodecahedron; e) icosahedron 
 
The Platonic solids are named from the number of the regular polygons—
faces—enclosing the polyhedron. Two faces meet at a dihedral angle a to define 
the polyhedron edge and three or more faces join in a vertex defining a solid angle 
b; the Schläfli symbol {p, q} indicates the q number of regular polygons with p 
edges meeting at each polyhedron vertex. A detailed discussion of the geometric 
properties of the solids can be found in the article  "The parametric making of 
geometry: the Platonic solids" (Bertol 2016b). Table 3.1 shows a summary of the 
geometric properties for each polyhedron. 
 
Table 3.1 The geometric properties of the five regular polyhedra 
Polyhedron 
Name 
Number of 
Faces 
Number of 
Edges 
Number of 
Vertices 
Schläfli Symbol 
{p, q} 
α  angle β angle 
Tetrahedron 4 6 4 {3, 3} 70.53° 109.471 
Hexahedron 
(Cube) 6 12 8 {4, 3} 90° 70.529 
Octahedron 8 12 6 {3, 4} 109.47° 90.000 
Dodecahedron 12 30 20 {5, 3} 116.57° 41.810 
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Icosahedron 20 30 12 {3, 5} 138.19° 63.435 
 
Parametricing the Platonic Solids 
I have been studying the regular polyhedra—and working on related designs—
for over three decades (Bertol 1983, 1994b, 1996, 1998, 2011b, 2012, 2015b, a, c, 
2016b, a), starting from my master thesis on the tensegrity structures (Bertol 1984, 
1983). Before exploring the use of the regular polyhedra for the movement 
infrastructure I have designed objects at different scales based on the polyhedra, 
from landscape art interventions (Bertol 2008b) to sculpture (Bertol 2011a) and 
body ornaments (Shapeways 2014, 2012).  
 
 
3.8 Dodecahedron from digital model to 3D printed object in the landscape 
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3.9  The circumsphere inscribing the five Platonic solids 
 
In the design phase a parametric process has assisted the transition of the 
Platonic solids from ideal digital geometric models to physical objects made of 
various materials and at diverse sizes (Bertol 2011b, 2016b). “Parametricism” has 
become a popular term in design theory in the past few decades due to the use of 
computational methods to solve design problems; it was formulated as a style in 
the Parametricism Manifesto (Schumacher 2008). Following a parametric approach 
I discovered several shapes of topological and aesthetic interest, where topological 
characteristics are changed through a series of geometric transformations and the 
initial regular polyhedron turns inside-out in a more complex manifold which yet 
maintains the same symmetry relationships (Bertol 2012). Several of such manifolds 
have been 3D printed in small sculptural objects (figure 3.8). In this study, a 
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parametric approach has been purposefully used in the design of the movement 
infrastructure.  
A movement infrastructure is based on an initial abstract geometric digital 
model of the polyhedron. The geometric model is suited to the size requirements 
for its function, which determines the radius of the circumsphere (the sphere 
inscribing the polyhedron) (figure 3.9). The length of the polyhedron’s edges is 
consequently calculated from the radius; such length in turn defines the most 
appropriate material for the polyhedron edges and the edge profile size. Finally the 
vertex is designed as a custom connection/joint. 
Furthermore, the Platonic solids are most appropriate to relate the bilateral 
symmetry and proportions of the human body anatomy/physiology to the 
surrounding space of movement defined by the spherical symmetry of a regular 
polyhedron, with the center coincident with the navel of the movement maker 
representing the origin point of the movement coordinate system. The chapter now 
turns to the 20-sided icosahedron which is the focus of this study.  
Icosahedron 
The icosahedron (from the Greek εἴκοσι "twenty", and ἕδρα "base") is the 
polyhedron chosen for built prototypes of the movement infrastructure. Besides 
the symmetry characteristics of the regular polyhedra, the icosahedron presents 
other properties related to the human body proportions. Figure 3.10 visually 
illustrates the description I wrote for the conference paper “Being Vitruvian in the 
Movement Infrastructure” (Bertol 2016a), which I also introduced in the section 
about Laban’ theories: 
The twelve vertices of the icosahedron coincide with the vertices of three equal 
rectangles, perpendicular to each other. The length of the sides of such 
rectangles is proportional to the golden ratio, equal to numerical value 
1.618033988 (Ghyka 1977). The golden ratio is also an approximation of the ratio 
of the height of a human body to the distance between navel and ground; the 
center of gravity of the human body is located near the navel too. The three 
orthogonal rectangles defined by the vertices of the icosahedron lay in the three 
anatomical planes—sagittal, frontal, and horizontal—of a human body whose 
navel is at the center of the icosahedron. 
The symmetry properties as well as the presence of the golden ratio rectangles 
make the icosahedron the most appropriate shape to inscribe human movement. 
The icosahedron can also be thought as a three-dimensional framework for the 
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human proportions highlighted by Leonardo in the Vitruvian Man: the three 
intersecting golden rectangles inscribe Leonardo’s figure. Transitions from one 
rectangle to another define movement sequences similar to Laban’s scale. 
 
 
3.10  Vitruvian Man and icosahedron with golden rectangles / anatomical planes 
 
As illustrated in several sections of chapter 4 the icosahedron inscribes other 
polyhedra—the octahedron and the dodecahedron—as well other two-dimensional 
polygons, including circles, pentagons and square. The multitude of geometric 
possibilities is inspiration for moving meditations on geometry.  
The Concept of Axis Mundi 
The axis mundi is the other concept informing this work. In ancient cultures the axis 
mundi (axis of the world) is an axis, connecting a place with the center of the world: 
"Every Microcosm, every inhabited region, has a ‘Centre’ that is to say, a place that 
is sacred above all" (Eliade 1961). The axis mundi represents also the link between 
the perceiving self and the perceived universe and can be thought of as an 
imaginary axis connecting the navel with the center of the earth, also called the 
navel of the world.  
The axis mundi is a connection with the world of nature, not only in the local 
landscape but also with the remote sky, where the cosmic events take place. 
Several cultures marked the axis mundi, which represented the sacred place of a 
settlement, with built interventions in the landscape or even urban fabric, such as 
obelisks or plaques (Eliade 1959, Winther 2014). 
My interest in the axis mundi, as an architect, has revolved around the 
establishment of built interventions in the landscape (Bertol 2013a): the axis mundi 
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of a place has a particular connection with the natural features of the site, such as 
topography, and is clearly defined in terms of geospatial coordinates. The art in 
nature project Sun Farm,has been the main site for investigations on a 
contemporary interpretation of the axis mundi (Bertol 2006, 2008a, b, 2013b, 
2015d). Sun Farm is located in the Hudson Valley (New York, US); its axis mundi is at 
coordinates 42°10'21.1"N 73°40'24.3"W, identified by a buoy floating in the center 
of an excavated pond (Bertol 2008a).  
In the transition of design and making from physical space to the space of 
movement in this research, the first somatic practices on the concept of axis mundi 
were in relationship to the land art interventions of Sun Farm (Bertol 2015d). The 
axis mundi had been identified by my navel and became a dynamic individual event 
of my existence: an imaginary axis connecting the navel with the center of the 
world, identified by my body’s geospatial coordinates in time. Performances were 
staged in the water/earthworks of Sun Farm (figure 3.11). Some performative 
actions, in an almost ritualistic fashion, were connecting my movements to the axis 
mundi of the place: the dynamic axis mundi defined by moving body was relating to 
the static axis mundi of Sun Farm. In this experience I became aware of the way in 
which the movement sequence of Finding the Axis Mundi produced a kind of 
dialectic continuity between my body, water, place and its mapping on the earth 
surface. As will be explored in the moving section of Chapter 4, this research 
engages with this idea of mapping through coordinate systems. 
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3.11 Finding the Axis Mundi in the water at Sun Farm 
 
About Coordinate Systems 
The definition of forms of movement has either implicitly or explicitly associated 
reference systems. Each reference system has an origin point that could be relating 
to another coordinate system. Geospatial coordinate systems are the ultimate 
reference for human movement on earth. Global Positioning Systems (GPS) 
establish a geospatial identity for a subject according to the subject’s position on 
earth, defined by four coordinates: latitude, longitude, altitude and time. GPS 
coordinates provide the here and now of existing, according to a cosmic 
relationship between the self and the world, which the concept of axis mundi 
expressed in ancient cultures.  
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3.12  The moving body in a spherical coordinate system centered at the navel 
 
Coordinate systems are relevant to this research, since they define and 
represent geometric configurations. Two coordinate systems are implied: the first 
system relates to the movement practice, while the other is provided by the 
geospatial coordinates of the place where the movement practice happens. The 
origin point (with coordinates 0, 0, 0) of the first coordinate system is located at the 
mover’s navel, which coincides approximately with the center of gravity. Each 
movement can therefore be defined according the displacement from an initial 
position relative to the navel. A spherical coordinate system is better suited than 
Cartesian coordinates for the description of movement (figure 3.12). The most 
complete definition of movement in a reference system would be the 
superimposition of the movement coordinates to a GPS system.  
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Methods 
The creative work is the output of this research and merges design and making of 
physical objects with somatic practices; it is based on both practice and artistic 
production. The methodology defined in the previous section is articulated in the 
methods and physical outputs outlined below:  
1. Design and making of prototypes of movement infrastructure as built 
structures and spatial environments. 
2. Digital three-dimensional models of no. 1 
3. Two-dimensional representations (prints) from no.2 
4. 3D prints of no. 2 
5. Design of movement sequences for daily somatic practices performed in the 
movement infrastructure. 
6. The practice of the movement sequences 
7. Video-recording and photography of some of the somatic practices defined 
in no. 2 
8. Definition of the somatic practice Finding the Axis Mundi  
9. Video-recording and photography of Finding the Axis Mundi 
10. Visualization of data from practices as postproduction from photography 
and video recordings  
 
The development of the movement infrastructure represents a continuity 
between my current research and my background in architectural design: the 
making of physical space where form—as space-time configuration—merges the 
physical world of matter with the ephemeral world of time. I propose that this 
approach is different and complementary to the perspectives/methodologies 
traditionally used by human movement studies in exercise science biomechanics 
and performing arts disciplines. 
The study of form of the human body during movement is here explored as a 
component of a system, where the architectural/geometric characteristics of space 
comprise the other component. Space as outside container relates to the moving 
body of the subject as a built reference system—such as in the movement 
infrastructure—or a mental framework, visualized as constraint for the subject’s 
proprioception. On the other side—the concept of space in architecture—the 
human body movement is often not included in formal explorations, with a general 
exception of ergonomic studies or designs where the human scale is a defining 
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factor in the architectural program. The exegesis now moves into a fuller discussion 
of the design and making of the movement infrastructure. 
Design and Making of Movement Infrastructure Prototypes 
Several digital models of the movement infrastructure based on all the five regular 
polyhedra have been designed and seven prototypes based on the icosahedron 
have been realized. As discussed in the ‘making’ section of chapter 4, each 
prototype is made of 3D printed parts acting as vertex/connectors and off-the-shelf 
components comprising the edges of the icosahedron, whose center corresponds 
approximately to the navel height of the movement maker. 
 
3.13 The icosahedron and the three anatomical planes 
The icosahedron is developed as a hollow lattice structure, and  
the polyhedron edges act as compression elements (struts) and are the dominant 
element in terms of size, but are geometrically simple, assimilated to a line 
segment; therefore they can be constructed of off-the-shelf parts, such as rods, 
pipes or other tubular elements. The vertex/connector is instead an expression 
of the geometric properties of the polyhedron combined with the edge profile 
geometry. Such joint has been designed to express an aesthetic intention based 
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on the polyhedral symmetry and the curvilinear geometry of the 
connecting/connected elements. The symmetry properties of a regular 
polyhedron, expressed in the vertices/joints, guide and inspire the geometry of 
movement sequences (Bertol 2016b). 
For each prototype, which will be described in detail in the ‘making’ section of 
Chapter 4, the below procedure was followed: 
a. Parametric model of the geometric form the icosahedron at the size 
defined by the radius of the circumsphere. 
b. Design / 3D digital model of the structure to be built from the 
geometric form.  
c. Fabrication of the 3D printed vertex/connector. 
d. Assembly of the 3D printed joints with off-the-shelf components  
Such a movement infrastructure serves as a built reference system, guiding the 
mover and also providing measurements for movement sequences. The 3D printed 
vertex/connector is the most customized element of the structure: the geometry of 
the connector becomes itself suggestive of movements. One of the icosahedra has 
been used for my daily movement practice, placed in my living room/studio, and 
frequently recorded by photography and video. The recording of the daily practice 
provides information about the alignments of my moving body: the geometric 
elements characterizing the icosahedron function as an outline of the three 
anatomical planes (figure 3.13).  
Movement Vocabulary  
The somatic practice is based on the definition of a vocabulary of movements, with 
emphasis on geometric configurations. Although they have different environmental 
characteristics, the movement routines share a common vocabulary with several 
postures derived from Hatha Yoga, comprising: 
1. Sequences of postures whose description can be found in Iyengar’s classic 
text on hatha yoga (Iyengar 2005), including (figure 3.14): 
a. Samastitihi, also called Tāḍāsana (mountain pose)  
b. Adho Mukha Śvānāsana (downward facing dog)  
c. Śīrṣāsana (headstand) 
 
2. Sequences inspired by Laban’s “scales” (figure 3.14); Various rotations of 
arms and legs from a standing posture (figure 3.15) or lying in the horizontal 
plane; the leg rotation is similar to the rond de jambe in ballet. 
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3.14 Yoga postures used in movement sequences: Tāḍāsana, Śīrṣāsana, Adho Mukha (top, from left to right) 
Śvānāsana (bottom) (Iyengar 2005) 
 
3.15 Laban scale A (Laban 1926a, 50-51) 
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3.16  Sequences of legs and arms rotations 
Centering the Moving Body: Finding The Axis Mundi 
Since 2010 I have developed several somatic practices based on movements of my 
own body, centered on the concept and physical presence of the axis mundi. 
Initially, as mentioned in a previous section of this chapter, the practices were 
located in art and nature, mainly at the Sun Farm site. Most recently the axis mundi 
practice often happens in public outdoor places, connecting my body to a place in 
its socio-cultural context and natural settings (figure 3.17). 
These somatic practices consist of the ritualization of movement sequences 
within a spiritual intention. In this way, I see these events as a moving meditation, 
or a body prayer, where I am focused on the visualization of the axis mundi 
connecting the navel with the center of the world. Such practices, called Finding the 
Axis Mundi, have been performed outdoors at sunrise and sunset in different world 
locations. The spiritual focus is in achieving awareness of where we are in space and 
time, where movement is the embodiment of such awareness. The movement 
sequence of Finding the Axis Mundi has become one of the methods of this 
research, with identification of the underlying geometric configuration, and will be 
discussed in detail in the experiential chapter. 
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3.17 Finding the Axis Mundi by the Hudson River at Sunset, New York 2012 
 
Finding the Axis Mundi is a movement practice where geometry is not present 
in a physical structure with which my body interacts, but is visualized and present in 
proprioception. It can be practiced in every place and physical environment and in 
different physical conditions (figure 4.15). The complete routine includes some 
challenging postures, such as inversions based on the headstand. However it can be 
modified to less challenging postures whilst keeping the integrity of its geometric 
approach. The mental concentration on axes, rotations, pivotal points and planes 
still leads the practice intention, similarly to a moving meditation, bringing calm and 
focus. I have been practicing modified versions of Finding the Axis Mundi, even 
during illness, sitting on a chair or lying in bed.  
As I stated earlier, Finding the Axis Mundi can be considered a moving 
meditation. The focus is the connection between the body and the surrounding 
space, given by the geospatial location of the moving subject. The words solicit 
visualization of the axis mundi in its geometric connections to the moving body. 
Below are the inspirational words used during the movement flow from tadasana 
(mountain pose) to sirsasana (headstand)—a description as well a statement of a 
phenomenological awareness of the body, in time and space:  
I am going to my center, I find my center 
There is an axis connecting my navel with the center of the earth. 
It is the axis mundi,  
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Which connects the center of the earth with my navel  
And extends through the crown of the head to the sky. 
My body is aligned with my axis mundi. 
My body is connected to the earth but not grounded. 
And my movement changes the direction of my axis mundi on the earth. 
I am aware of my weight, when the axis mundi geometry become physics 
and a line becomes a vector 
My awareness goes to my feet; I shift my weight left and right front and 
back. I lift my toes 
My spine is aligned with the axis mundi. 
My shoulders are up, back and relaxed. 
I am aware of my limbs, the extremities of my body. 
I spread my fingers and toes like force lines. 
I am aware of my breath, 
Which brings the outside air inside my body 
And then returns it to the outside. 
I find east west north south 
In my left right front back. 
My feet are down and my head is up. 
I am here now  
And I take a few breaths in this awareness. 
 
 
3.18 Finding the Axis Mundi at Whitehaven Beach, April 2014 
 
These events are variously videoed and photographed (figure 3.18). The way each 
video is named refers to the space-time event, identified by the date and geospatial 
coordinates (Bertol 2015d). See also the phenomenological cartography in the 
Appendix B.  
Visualization 
The visualization of the geometric intention of movement becomes evident when 
viewing the video and photographic recordings. It is possible to see lines, polygons 
(triangles, squares, pentagons), circles, spirals, cones, helices and other geometric 
shapes that are mapped to movement sequences, as it will be discussed in the 
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section entitled “moving” in Chapter 4. The superimposition of geometric elements 
to the configurations assumed by the body during movements, aids in the 
understanding of how geometry has an impact in physical alignments and the 
embodiment of somatic expression.   
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4.  EXPERIENTIAL  
In a conventional quantitative or qualitative study there are usually two different 
sections for research findings and discussion (Spencer et al. 2003, Berg, Lune, and 
Lune 2004). This framework is often not appropriate for a practice led-research with 
process-output based on creative work. In my work the methodology—based on 
designing, making and moving—is tested by built intervention as well as by a daily 
practice, where my body becomes the agency of knowledge production. 
This chapter describes the three courses of research introduced in the 
methodology—based on designing, making and moving. Although these processes 
are described sequentially due to the linear text-based narrative, they are often 
cross-referenced and overlapping within my experience. This iterative process is 
emphasized in the course of discussion with signposting and hyperlinks. 
Designing  
My design explorations, connecting the studies on polyhedra and movement, are 
inspired by Rudolf Laban (Chapter 2, section “Polyhedra, Crystals & the Golden 
Ratio”). The understanding of Laban’s theories on the geometry of movement 
shifted the focus on the icosahedron as a primary structure to be used in the 
movement practice; nevertheless, the other regular polyhedra were also of interest 
for their spherical symmetry relating to the bilateral symmetry of the human body. 
Therefore, at the beginning of my movement explorations, I started reviewing the 
geometric properties of all the five regular polyhedra according to different 
positions of my body, related to the form of each polyhedron. Studies based on a 
composition of photographs and virtual polyhedra are shown in figure 4.1. 
 
4.1  Moving in virtual polyhedra 
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From previous experiences in sculpture making, I was aware of the lack of 
commercially available components that would allow easy customization of 
structures based on the polyhedra geometry that would fit to my movement 
practice. The best solution, in consideration of use and financial constraints, was to 
design and build a hybrid structure made of 3D printed joints—corresponding to the 
vertices of the polyhedron—and off-the-shelf tubes for the edges. Therefore, the 
first task was the design of the vertices/custom fittings, which functioned as 
connectors between the edges. Each joint/vertex follows the same 
design/construction principle with different formal explorations. It consists of two 
components that seamlessly merge one into the other. The first component is the 
attachment to the ready-made edge and presents simple utilitarian qualities, i.e. 
accommodating the geometry and material of the edge. The other component 
derives from the connections between the attachments to two consecutive edges. 
Formal explorations are possible for this component, which can be evocative of 
movements related to the movement infrastructure. Connecting means bringing 
two separate components to join and the forms created here lead to movements 
which, for example, can bring separated body parts to meet and separate again, or 
vice versa. 
Parametric Associative Design: Vertices/Connectors 
The parametric associative software “Generative Component” (GC) was used to 
generate a digital model for each regular polyhedron; digital models include three-
dimensional representation of off-the-shelf components as well as custom 
fitting/vertices. GC runs from user-created scripts in the programming language C# 
(figure 4.2). Parameters in the scripts include: the radius of the sphere inscribing the 
polyhedron, the dimensions of the profile of the edge/tube, the proportion 
between the length of the edge and the length of the fitting from the edge of the 
tube to the vertex point of intersection of two consecutive edges (Bertol 2016b). 
The algorithm is based on the symmetry angles of the polyhedra and on the 
parameters provided by the Schläfli symbol {p, q} characterizing each regular 
polyhedron (Chapter 3, Methodology, table 3.1). Several digital models can be 
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generated in a few minutes by running the GC script on user-entered parameters. 
Each model is then imported in the AutoCAD modeling software to be refined and 
exported into a stereolithography (STL) file, a format used by 3D printer software. 
 
4.2  A GC script, interface and graphic view 
 
Making 
This section includes a description of the physical characteristics of all the 
prototypes of the movement infrastructure built for the research. Only the 
construction of the first prototype is described in this chapter while the other 
prototypes are discussed in Appendix A. The movement inspired/led by each 
prototype will be described in a following section of this chapter, titled “Moving”.  
movement infrastructure Prototype 1, June 2013—April 2014 
The initial prototypes of the twelve vertices/connectors for a structure based on the 
icosahedron were designed in 2013 and built in summer 2014. At that time I was 
not yet using the term movement infrastructure. The connectors were designed and 
built to connect edges/pipes made of polyvinyl chloride (PVC), a synthetic plastic 
polymer. PVC was selected for its light weight, strength, water resistance, low cost 
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and availability in the plumbing section of construction supply stores. The pipes 
used in this prototype were one-meter long, with an outside diameter of 20 
millimeters. 
Two formal concepts were explored for the connectors. Concept ‘A’ (figure 4.3) 
was characterized by two components merging seamlessly one into the other. The 
first component was the fitting to each pipe of a circular profile sized to fit either 
inside or outside the pipe, generating a simple cylindrical shape that overlapped 
about 2 cm with the pipe; a hole was included perpendicular to the cylinder axis and 
sized to accommodate a 3mm fastener. The other component was a loft solid 
connecting the fittings of two consecutive edges; the loft was generated by 
sweeping a semicircular profile of radius coincident with the radius of the fitting, 
along a semicircular path. The tangents to the semicircle endpoints are parallel to 
the axes of the fittings; such semicircle is also the fillet curve of the lines parallel to 
the fitting axes. A circular stopper was placed at the intersection between the 
connector and the fitting, with the dual function of reinforcing the connection and 
acting as a stopper for the pipe. 
 
 
 
4.3  Concept ‘A’ 
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4.4  Concept ‘B’ 
 
The connectors following concept ‘B’ (figure 4.4) were based on the 
intersection of the circular profiles continuing the edges; the end portion of the 
connector was designed and sized in a shape that could be inserted in the off-the-
shelf chosen PVC pipe. For easy assembling, no fastener was envisioned to be used 
in the attachment between the edge/pipe, and the end part of the 
vertex/connector had a gap to create a springing action. Prototypes for both 
concepts were made of the thermoplastic polymer acrylonitrile butadiene styrene 
(ABS) and fabricated by the 3D printer Stratasys Fortus 250, owned by the School of 
Architecture of Deakin University. Although concept ‘A’ (figure 4.5) was more 
interesting from a formal standpoint—as suggestive of rotational movements—it 
required considerably longer time for 3D printing and was not suitable given the 
budget constraints.  
 
4.5  Concept ‘A’ for the icosahedron: from digital model to 3D print 
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4.6a  movement infrastructure: prototype 1 standing on the icosahedron face  
 
4.6b  movement infrastructure: prototype 1 standing on the icosahedron edge 
 
Concept ‘B’ was selected, and twelve connectors were 3D-printed. The 
icosahedron, which became the first movement infrastructure, was assembled in 
April 2014 in my room at Kitchener House in Geelong (figure 4.6a-b). Further 
discussion of the movement practice related to this structure can be found in the 
following section. 
Moving 
I started practicing hatha yoga over three decades ago, together with other fitness 
routines including running and dance. In February 2002 I had a major skiing injury: a 
transverse fracture in the right femur resulted by a fall caused by a collision with 
another skier. This injury required major surgery for the insertion of an 
intramedullary metal rod in the femoral marrow canal. The surgery was followed by 
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rehabilitation with physical therapy and finally I was prescribed daily exercises to 
strengthen the muscle groups affected by the fracture. A one-hour fitness practice 
had to be incorporated in my daily routine, which included cardiovascular exercises, 
weight training and hatha yoga postures. As soon as I fully recovered from the 
injury, yoga became my primary fitness practice.   
In 2005 I took a yoga teacher training and certification from the New York 
Integral Yoga Institute. Soon after, I developed my own yoga sequence, which 
included cardiovascular routines integrated with traditional hatha yoga postures. In 
this research some of the routines have developed to emphasize the underscoring 
geometry of the moving body of the practitioner. While the teaching of yoga has 
never become a primary occupation, a movement practice based on a yoga 
vocabulary has been a major source of inspiration for my creative work as well as a 
therapeutic modality. 
Movement Practice as Daily Routine, Anywhere and Anytime: Finding 
The Axis Mundi 
A movement practice inspired by geometric thinking has been part of a daily routine 
since before I started this doctoral research, either as part of the teaching of yoga 
or as individual practice. I have been practicing the sequence Finding the Axis 
Mundi, described in the methodology chapter, in four continents for over a decade. 
This practice-led research has introduced a rigorous framework in the 
methodological approach as well as in the narrative of communication of the 
findings, which is at the core of this chapter. 
Outdoor Practice in Special Times and Places  
Often the practice happens in culturally charged or architecturally significant 
places; the most prominent place shown in the video presented in the exhibition is 
Saint Peter’s Square in Rome. I have been practicing the Finding the Axis Mundi 
routine in front of the obelisk located in the center of the square. The obelisk 
presents a square plan layout aligned to the four cardinal points and functions a 
sundial. The orientation of the obelisk’s shadow can tell the cardinal directions; the 
lengths of the shadow can also be indicative of the time of the day in the yearly 
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cycle. During the movement practice the shadow of my moving body aligns with the 
obelisk shadow, defining a symbiotic relationship between my body, the 
architectural presence and sunlight. An interaction happens between the static 
architectural elements and the moving, ephemeral, impermanent presence of my 
body, changing in space and time. The movement practice shown at the exhibition 
was recorded at noon, when the sun is at south at the highest altitude during the 
day. The sagittal plane of my moving body was always perpendicular to the north-
south axis (figure 4.17). 
 
4.7  ‘Finding the Axis Mundi by the obelisk in Saint Peter’s square 
 
Moving in public places means exposing my private practice space to 
vulnerability, in unknown environments. My practice is not a virtuoso act; when it 
becomes a public performance, it means also exposure of my fragility and the 
limitations of my movements, of the not-so-perfect alignments or limited flexibility. 
It also exposes the gap between my imperfect body and the ideal harmony of the 
geometric intention. Nevertheless the intention remains and the resulting calming 
and focusing effect is not lessened by the physical imperfections of my body. 
Moving in the Movement infrastructure 
The movement practices in the different prototypes of the movement 
infrastructure, always based on the icosahedron, share commonalities but also 
inspire different sequences of postures. The physical structure leads to geometric 
explorations, which often arise as improvisations. My body is used as a means to 
explore not only the overall form of the icosahedron, but also all the potential 
geometric configurations inspired by the spherical symmetry of the polyhedron. 
Transformations belonging to the realm of geometry are performed by my body: 
arms and legs extensions and rotations, as well as twists and bends from different 
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anatomical joints, lead to visualized ephemeral geometric shapes which exist in 
time, but do not leave any permanent trace in space. The trace-forms, recalling the 
Laban vocabulary mentioned in Chapter 2, can be underscored in the video 
postproduction of the photographic recording, as shown in several video clips 
presented in the “Making Movement” exhibition. 
During the daily practice in the movement infrastructure several routines have 
emerged inspired by the icosahedron geometry. The majority of them are 
improvised by focusing on the vertices and edges, tracing connections and gaps 
between the elements characterizing the polyhedron: vertices, edges and faces. 
Arms and legs contract and extend to align to vertices, connecting midpoints of 
edges or aiming to the center of faces. The icosahedron is a locus of exploration, not 
only of its own geometry but also of the multiple shapes inscribed or circumscribed 
in the polyhedron. A few examples are highlighted in the below paragraphs. 
Pentagons 
The tracing of pentagons is inspired by the geometry of the icosahedron; it 
creates awareness of limits of the enclosure. Twelve pentagons can be defined by 
connecting the midpoint of the thirty edges of the icosahedron (figure 4.8). The 
pentagons can be traced by arms or legs and a multitude of configurations can be 
generated by combinations of alternating body sides and upper and lower limbs 
(figure 4.9). The sequence of pentagons drawing can be generative of complex body 
movements based on combination of translational and rotational movements: 
reaching for the midpoint of the icosahedron edges demands bends and twists. The 
speed of movement varies as well, articulating multiple choreographies from the 
same movement vocabulary and generating cardiovascular routines at faster pace. 
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4.8 Dodecahedron and icosahedron 
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4. 9  Making pentagons 
Lines, Squares, Circles, Spirals 
The geometry of the icosahedron, based on the symmetry relationships between 
vertices, edges and faces, inspires several other movement sequences. Only a few 
examples are mentioned below. 
• Lines are traced by arms and legs movements connecting the center of 
consecutive faces (figure 4.9). Such lines also define the dodecahedron, the 
polyhedron holding a duality relationship with the icosahedron. 
• Circles and squares are defined by connecting, with arm and leg movements, 
each golden ratio rectangles/anatomical plane of the icosahedron as shown 
in the diagram of figures 4.10-11. 
• Spirals are traced by arms and legs contractions and expansions. The 
movement originates from a vertex and expands to the midpoint of an edge; 
from there it contracts toward the other vertex, which is also the endpoint 
of the same edge. 
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4. 10 Circles in the icosahedron 
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4. 11  Squares in the icosahedron 
 
Octahedron in the Icosahedron 
A movement sequence which has become part of my daily routine is the tracing of 
an octahedron inscribed in the icosahedron (figure 4.12). The octahedron is defined 
by the midpoints of the six shorter edges of one set of three perpendicular golden 
rectangles. The movement originates from the navel, which coincides with the 
center of the icosahedron. Opposite limbs extend in a rotational movement to align 
with the midpoints of the edges, transitioning from the sagittal plane to the frontal 
plane and finally to the horizontal plane. 
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4. 12  Octahedron in the icosahedron 
The sequence is repeated for the opposite set of limbs after the body rotates 
180 degrees about the axis mundi, passing for the navel, the center of the earth and 
the crown of the head, contained in the frontal plane. 
Diagonals of Golden Rectangles in the Icosahedron 
Another movement sequence which I practice almost daily in my routine is the 
tracing of the diagonal of a set of three perpendicular golden rectangles (figure 
4.13).  
 
 
4. 13   Three golden rectangles in the icosahedron 
 
In this sequence, as well, the movement originates from the navel, which 
coincides with the center of the icosahedron. Opposite limbs extend to the opposite 
vertices of a golden rectangle, transitioning from the sagittal plane to the frontal 
plane and finally to the horizontal plane (figure 4.14). The sequence is repeated for 
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the opposite set of limbs after the body rotates 180 degrees about the axis mundi, 
passing for the navel, the center of the earth and the crown of the head, contained 
in the frontal plane. This sequence is inspired by Laban’s scale A, introduced in the 
literature review chapter. 
 
4. 14  Tracing golden rectangles in the icosahedron 
Movement Practice and Movement Infrastructure Prototypes 
Each prototype, already described in the Making section of this chapter, has 
become associated to movement practices, which, although they share the same 
associations with the geometry of the icosahedron, present variations related to the 
specific design and construction of each prototype. But even more, the way the 
icosahedron relates to the ground can be generative of different movements in 
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relation to the effects of the force of gravity on the movements driven by the 
icosahedron. The polyhedron can be placed on the floor in three different positions 
(figure 4.15): 
1. Standing on a face (hollow enclosure by edges and vertices) 
2. Standing on a edge/pipe  
3. Standing on a vertex/joint 
 
 
4. 15  Icosahedron standing on a face (left), edge (center), vertex (right) 
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4. 16  Movement practice in the cosahedron standing on a face 
 
Position no. 1 (figure 4.16) has been used in prototype 1 and 5 and is the most 
stable way for the icosahedron to withstand the force of gravity, given its standing 
on three points. For the movement practice I stand in the center of the face/base. 
My axis mundi extends from the crown of the head to the top face of the 
icosahedron, which is rotated 180° about the base. An exploration of the faces is 
solicited by this position of the icosahedron, where the mover extends arms and 
legs to touch each point. 
The second position (figure 4.17) has been used in all prototypes except for 
prototype no. 1. The icosahedron standing on one edge is the preferred position 
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since the anatomical planes are perpendicular and parallel to the ground plane. This 
position requires two additional supports for the icosahedron to be balanced. 
The third position is the most unstable, and it would require five additional 
supports. Furthermore the human body bilateral symmetry, which leads the 
movements, cannot be explored using this configuration. For these reasons this 
icosahedral configuration has not been explored. 
 
  4. 17 movement infrastructure positions in different prototypes 
 
Mapping: Finding the Axis Mundi within the Icosahedron 
In February 2016 Finding the Axis Mundi was practiced at sunrise within the 
prototype no. 5 of the movement infrastructure. The site was Dog Rocks, a granite 
outcrop in Batesford (Victoria, Australia) which offers a 360 degrees view of the 
surrounding open landscape. It has been the only outdoor practice in the 
icosahedron (figure 4.18) and offered considerations about how the body relates to 
a built framework situated in a natural environment with great aesthetic qualities. It 
was a cloudy day, therefore the geometry of the sun rising—and the low light 
qualities associated to sunrise—were not present. Nevertheless the filtering of the 
natural landscape by the icosahedron framework made me consider how the 
natural landscape and built construction can be competitive elements, which 
present a distraction in the effort to achieve the mental focus driven by the 
geometry of the movement infrastructure or by proprioception in the sequence 
Finding the Axis Mundi. 
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4. 18  movement infrastructure at Dog Rocks 
 
This practice has been presented in the 2017 exhibition at the ADPML gallery: 
frames of the video recording were composed in a canvas scroll and a video 
postproduction was displayed as video projection. 
A Phenomenological Cartography 
In a research based on creative work the communication of results, similarly to the 
inquiry, becomes itself artwork (Bolt and Barrett 2010). I usually practice the 
movement sequence Finding the Axis Mundi three times daily. If the movement 
infrastructure is available, my practice includes movement sequences inspired by its 
geometric properties, e.g. pentagons in the icosahedron, or exploration of the dual 
polyhedra. 
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Practices have been performed and video-recorded in different geographic 
locations, indoors and outdoors, in three continents: in USA (2012-2015), Australia 
(2013-2016) and in Europe (2015-2016). I entered accurate placemarks for each 
location in a map titled “Finding the Axis Mundi 2012-2016” accessible for 
interactive viewing in this shared link on Google Maps (figure 4.19); a spreadsheet 
listing all the video-recorded practices is in Appendix B. 
 
4. 19  Finding the Axis Mundi: screenshot of interactive map 
 
Each recorded practice is identified by the geospatial coordinates of its 
location. Australian locations include Geelong, Waurn Ponds and Torquay. The 
practice in the USA took place mainly in New York State—Manhattan and Sun Farm 
in the Hudson Valley. I have also recorded a practice at Zabriskie Point in the Death 
Valley, California. Rome and Anzio (Italy) were the locations of my movement 
practice in Europe. 
In the period 2012-2016 there have been 148 video recordings of practices for 
a total of approximately 264 minutes. Several practices have been shown in posts in 
the blog axesmundi, including: 
Vitruvian Yoga | Vinyasa Flow, Virabhadrasana 1 & 2  
Yoga on the Beach 
Living With Pain: Modified, Yet Tenacious Practice 
On/In the Water | Island Views 
Camminando | Yoga in Public Places 
Movement Infrastructure | Laban Icosahedron at Sun Farm 
Practice | 2 - Morning: Octahedron in the Icosahedron 
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Designing Making Practicing | The Movement Infrastructure 
Practice | August 13: Finding the Axis Mundi on the High Line 
Practice | August 18, Finding the Axis Mundi by the Hudson River, at Sunset 
Practice | Finding the Axis Mundi in the Roman Ruins, at Sea 
Practice | Finding the Axis Mundi in Rome 
Events | NYC Maker Faire 2015 
"Making Moves" at New York Maker Faire 
"Making Moves" at Rome Maker Faire 
 
The digital photo recording of practice that comprises the data collection is 
best understood from a data analysis standpoint when the numerical aspect is 
emphasized. Although this research does not resort to quantitative methods, the 
creative aspect can be reinforced by the search for a representational modality of a 
phenomenological approach. 
The presentation of the data related to the research practice involves mapping 
space with time: the practice is an event in space-time, therefore defined in a four-
dimensional coordinate system. The places of the practice, identified by their 
geospatial coordinates, are located on the earth three-dimensional spherical 
surface—for simplicity purposes only the latitude and longitude are considered and 
the coordinate related to altitude is eliminated. A spreadsheet is the most 
appropriate means to represent and manipulate such data, even if a statistical 
output is not of interest. The flexibility in the software functionality of rearranging 
and transposing columns and rows, as well as the use of mathematical functions, 
provides a framework to quantify the phenomenological data of the practice. Only 
practices recorded with video-photography are included in the spreadsheet at the 
end of this chapter, with a list starting in 2012 and arranged in chronological order. 
The spreadsheet can be defined as a phenomenological cartography associating 
each practice to geospatial coordinates. The same spreadsheet has been the source 
for the prints shown in the south wall of the ADPML Gallery. The link between the 
timeline and the geospatial coordinates presents the choice of establishing a 
sequentiality of the photo recordings according to the latitude and longitude of 
where the practice took place, or according to the time it happened. I chose the 
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timeline to provide sequential order, given the non-finite nature of time, which 
would allow flexibility in adding future practices. 
File naming of the digital files of the practice photo recording was also 
important in the organization of the data; the most appropriate choice was naming 
the file according to the following convention: yearmonthday_timeplace-
typeofpractice. For example, the filename 20150924_1838US-NYC-
HudsonWaterfront-AxisMundi-sunset.mp4 denotes that the video file in format 
mp4 contains recordings of Finding the Axis Mundi at a location on the Hudson 
River waterfront, happening 24 September 2015 at 6:38 pm, a time close to sunset. 
“Making Movement” at ADPML Gallery 
The exhibition and demonstrations presented at the examination are a visual spatial 
and durational narrative of the practice. The exhibition can be considered itself a 
component of the creative work of the research, since I curated a physical, visual 
narration of the research path. The demonstrations inside the icosahedron, which 
were executed during the examination, are an example of my daily movement 
practice inspired by the geometry of the movement infrastructure. 
The curation of an art exhibition based on presentation of my creative research 
methodology and findings has brought a reflection on the “medium is the message” 
(McLuhan 1994). My own body became itself a medium, entangled with its 
representation by videography and photography or interacting with the objects 
produced by the research—the movement infrastructure or the other 3D prints. 
Design was presented by digital prints whose presentation required a narrative to 
communicate the thought process behind the design. Grids were the organizational 
element of the geometric content showing a matrix of complexity in the geometric 
elements—e.g. number of faces in the Platonic solids or intricacy of shapes in 
polyhedra parametric evolution. A representation of time-based elements (the 
timeline of practice) into two-dimensional surfaces—the gallery walls—elicited 
consideration about how an observer would best understand the temporal 
sequence and cyclical nature of the movement practice. 
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4. 20  “Making Movement”: initial exhibition layout 
 
The exhibition was envisioned quite differently from the final layout (figure 
4.20). Initially the exhibition layout presented two clearly differentiated areas in 
both media and content: one area included 3D-printed artifacts and design 
drawings, while the other area was devoted to “moving”, with two video 
projections and three walls dedicated to drawings and diagrams about my body 
moving in a time sequence, inspired by Étienne-Jules Marey and Eadweard 
Muybridge’s chronophotography (Marey 1902, Muybridge, Muybridge, and 
Muybridge 1989), revisited with digital tools. The movement infrastructure was 
supposed to be placed in the middle of the atrium. Unfortunately, the envisioned 
layout could not be followed due to the unforeseen presence of a large sculpture in 
the atrium and the impossibility of removing two of the four movable walls. 
The exhibition needed to be redesigned to fit two additional walls and the 
inclusion of the movement infrastructure inside the gallery. Four separated—yet 
not completely enclosed—spaces were defined, and the exhibition content—
drawing, video, diagrams, scrolls—had to be rearranged. Four overlapping spaces 
were defined by movable partitions, creating a path whose loop was also 
representing the conceptual path of the research. 
  
 
93 
 
4. 21  “Making Movement”: Being, Vitruvian 
 
The first room, titled Being, Vitruvian (figure 4.21), consisted of the 
icosahedron prototype no. 7 with, at the center, suspended by an almost invisible 
fishing line, three 3D printed intersecting golden rectangles with inscribed golden 
spirals and the silhouette of a stylized human body, resembling Le Corbusier’s 
Modulor (Corbusier 1954). These intersecting golden rectangles represent the 
notion of harmony, as an ideal achievement, perhaps impossible to realize in real 
life, yet present in intention. A laser cut of the Vitruvian Man (Da Vinci 1490) is hung 
in the portion behind the frontal plane of the icosahedron, as a two-dimensional 
representation of the human body harmony, expressed three-dimensionally in the 
movement infrastructure. In my version of the Vitruvian Man there is a 90-degree 
arc with center at the upper right corner of the square. In the wall parallel to the 
sagittal plane of the icosahedron, a series of iterations of the Vitruvian Man are 
positioned in such a fashion as to define a golden spiral from the arrangements of 
each module. This room is the beginning and end of the exhibition loop, and also 
site of the performative actions. 
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4. 22  “Making Movement”: Designing and Making 
 
The second room is titled Designing and Making and is defined by two movable 
partitions. Representations of the five Platonic solids with quotes from Plato are 
placed on the north partition (figure 4.22). On the east partition there is a grid of 
digital prints (design drawings) related to the parametric design of the polyhedra as 
physical constructions. The rows are organized according to the five polyhedra. The 
drawings in the top row depict the tetrahedron; the second row from the top 
depicts the cube; the middle row shows the octahedron; the second last row shows 
the dodecahedron, and the bottom row is dedicated to the icosahedron. The 
columns are organized according to the type of parametric exploration. The left 
column shows a polyhedron with tubular edges and connections of type ‘B’ while 
the following column is about polyhedra with tubular edges connected with joints 
of type ‘A’. The third column shows ‘vortex polyhedra’ where edges are substituted 
with two continuous arcs and the fourth columns is about ‘spiral polyhedra’, where 
vertices are replaced by spiral configurations. 
A glass case with a display of 3D prints is placed in the middle of the second 
room. The 3D prints include a joint for the movement infrastructure prototype 
shown in the first room as well as models of Platonic solids evolved from 
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substitution of face with an Archimedean spiral starting at the center of each 
polyhedron face. Each spiral represents rotational movements for upper and lower 
limbs. 
Two canvas scrolls are hung on the west wall (figure 4.33). One scroll includes 
still frames—organized chronologically in a vertical line—from the video recording 
of an outdoor practice in the icosahedron at Dog Rocks. The other scroll is a series 
of frames, also organized chronologically about a vertical sequence, from a 2013 
indoor practice: dots identify anatomical joints connected by lines and are shown 
superimposed and separately from still frames. 
 
4. 33  “Making Movement”: canvas scroll 
 
The south wall is dedicated to the ‘Phenomenological Cartography’ and shows a 
series of 9.3 meter-long prints from the spreadsheet containing time and places of 
my practice from 2012 to 2016. A representation of the equator lines at 11.25-
degree intervals is placed below the spreadsheet.  
The east walls of room 3 and 4 display 3 meter-wide video projections showing 
excerpts from video recordings of my movement practice in the relationship 
between body and space: the geometry of my moving body intersects with the 
geometry of the place (figure 4.34). Each video clip of my practice is preceded by a 
30-second zoom of satellite views from earth view to the practice place, fading into 
the practice video recording. The title shows the geospatial coordinates and the 
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date of practice, identifying the personal space-time of my phenomenological 
experience with that of a world-shared event  
 
 
4.34  “Making Movement”: video projections 
The videography displayed in room 3 is about the relationship between body 
and geographic place with its natural and cultural connotations. The video clips of 
the practice include the sequence Finding the Axis Mundi with excerpts from the 
2012 performance by the Hudson River at sunset. It is followed by three video 
recordings of practice from 2016 during special times of the day: sunrise at Dog 
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Rocks (Victoria, Australia) in February, sunrise by the ocean at Atlantic City (New 
Jersey, USA) and at noon, in July, by the north side of the Obelisk of Saint Peter’s 
Square (Rome, Italy).  
Room 4 displays video projections of movement practices in indoor locations. 
Two video excerpts include the movement infrastructure: one excerpt shows the 
first prototype installed in Geelong in 2014 while the other is about the third 
prototype installed in my home/studio New York, where I have been practicing 
since 2015. The playlist of this projection also includes the video titled "Il Corpo e lo 
Spazio" showing other performative actions based on indoor practice, from seminal 
work done at Sun Farm in 2009, to the 2014 movements in virtual reality at the 
CAVE (Computer-Assisted-Virtual-Environment) of PERCRO (Perceptual Robotics) 
laboratory, University of Pisa. 
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5.  CONCLUSION: FROM ART TO LIFE 
In this chapter I will draw together the findings of this research in order to conclude 
and state the way in which the creative research has contributed to knowledge. 
Within the exhibition and throughout the exegesis, the actions of showing and 
describing the relationship between geometry and human movement have 
produced three discrete outputs. The first output is of a physical nature, even if 
derived by digital processes and technology: I refer to the artwork—videos, 
drawings, design scripts and 3D printed objects. The second output is ephemeral: a 
practice of moving within the designed infrastructure for an everyday body which 
equates to a moving meditation on geometry. Both these outputs are components 
of an open-ended process, which will lead further practice and theoretical 
explorations. 
A third outcome of this practice-led research project has emerged from the 
association between geometry and movement. Bringing the awareness of geometry 
outside the stage or dance studio—extended to physical fitness routines or even to 
movements performed in everyday life—has promoted an aesthetically informed 
way of moving, leading to better posture and alignment and promoting agility, 
flexibility and mental health benefits—which I experienced as stress relief and 
relaxation. My personal experiences—recorded/measured by artistic production—
have led me to conclude that geometry-informed movements have a major 
influence on creative thinking according to a standard definition (Runco and Jaeger 
2012). Many of the digital models and drawings presented in the research have 
been produced after performing geometry-inspired movement sequences.  
Making of Geometry and Geometry of Movement 
The three main actions of this practice-led research—designing, making and 
moving—have emerged as mutually influential of each other under the common 
denominator of geometry. The design and making of the movement infrastructure 
based on the icosahedron has created awareness of geometric shapes inspiring a 
series of movements, elicited by the geometry of the structure. For instance, the 
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designing and making of the connection between the five axes meeting in a vertex 
guided movements exploring such connection; at the same time such movements 
lead to further exploration of the potential geometries of intersections between 
axes providing structure from the geometric configuration itself. This practice 
represents a learning experience: my own body has become a teacher, and 
geometry has provided the teaching material. Several different geometric 
configurations are adopted by my own body during the movement sequences, as 
presented in several sections of chapter 4. As a personal practice, the movement 
practice within the infrastructure motivated these configurations, and at the same 
time, these configurations are only a few of the infinite number of possible 
geometric configurations defined by the icosahedron and taught to me by my 
moving body. 
Adopting a consistent practice of exploring movement and geometry supported 
by the movement infrastructure across the duration of the PhD project has 
delivered other, deeply personal, outcomes for me. Of note is the way in which I 
have achieved mindfulness, emotional relaxation and improved mental focus. 
Whilst the parameters of this study prevent me from making claims about such 
benefits, this experience offers a number of further directions.  
All three outcomes outlined above suggest future direction and are defined in 
more detail in the following paragraphs and characterized by the extension of a 
practice from a first-person experience to a collective involvement, and the 
transition from art creations to industrial production and clinical trials. Such 
developments can be summarized as a transition from art expression to life actions.  
Digital Design, Making and Geospatial Data   
My research revolves around geometric shapes—the Platonic Solids—and yoga 
practice, which have been part of Western and Eastern traditions for thousands of 
years. I revisited these concepts and practice with contemporary processes and 
technologies not only for efficiency but also in the effort to provide a contemporary 
cultural framework. 
The use of computational design and digital fabrication technologies has been 
fundamental in designing and making, in the explorations of complex shapes, such 
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as those used in the vertices/connectors of the movement infrastructure. 
Parametric design allows creating a multitude of different possible shapes from the 
same geometric rules in a fraction of the time taken by traditional processes. Digital 
design also allows the fabrication with rapid prototyping, transferring the digital file 
of a three-dimensional model to a 3D printer or other digital fabrication 
technologies; design testing becomes not only significantly more cost and time 
efficient but also more accurate than what would have been achieved with 
conventional fabrication technologies. 
The use of geospatial coordinates in the photographic recording and video 
postproduction of the movement practice can be also seen as related to the 
Quantified Self, a movement devoted to using biosensors and other, often 
wearable, technologies to define living in terms of quantitative data. In my case I 
use fairly simple technologies, such as the GPS in my smartphone and camera. And 
the objective quantitative data emerging from the photographic images is filtered 
by the aesthetic of the visual composition. Yet this simple GPS technology, mapping 
of my moving body to a place and time on Earth, promotes a revisiting of the 
thousand-year-old concept of axis mundi, which, from an ethnographical and 
perhaps spiritual concept, becomes an observable quantifiable phenomenon. From 
a phenomenological standpoint, movement can therefore be defined as a space-
time event in the mind-body existence. Space-time measurements serve as a 
reference system for movement and intersect with the space where the body 
moves, in either virtual/visual or solid environments. 
Art as Metalanguage and Future Directions 
This work started with the intention to integrate art, design and scholarly research 
to the service of humanity. My 2012 research proposal was inspired by my work as 
scholar, designer and research artist as well as by my personal life as survivor of 
bullying and domestic violence. Creative endeavors and movement routines have 
always been a coping means to deal with the pattern of adversities encountered in 
my daily path. The aspiration of research collaboration between health and 
cognitive sciences with art production as output, to explore the effects of human 
movement on cognitive states from an interdisciplinary context—weaving design, 
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making and movement theories—was too broad. The PhD narrowed onto a study of 
the immediate spatial environment of the nominated movement activity, the 
somatic experience of a space defined by certain geometric shapes and 
relationships, and practice of this in private and public spaces. 
This practice-based research has been based on a first-person 
phenomenological approach with a creative output. The somatic experiences of 
geometric defined movement have been subjective (internal) experiences, and the 
production of artworks from videos, drawings, objects and the spatial environment 
defined by the movement infrastructure provide an external reference to these 
experiences. In both the creation of artwork and the practice of movement based 
on geometry, I have experienced patterns of positive emotions and creative 
cognition. In this phase, art is a metalanguage stating the link between geometry, 
movement and mental-emotional states. The outcomes of this research project 
contribute to an art discourse, and offer an insight into personal aesthetic practices 
which are based not on metrics but on first person experience and self-reflexivity.  
The findings from my subjective experience provide the groundwork for future 
research where neuroimaging technology can be used to provide the necessary 
metrics for quantitative results. The burgeoning fields of positive psychology and 
studies of creativity can foster what has been grounded in this research: the 
measure of electrical activity or other transformations in the brain of a subject 
performing movements, which are inspired by the geometric spatial environment 
defined by the movement infrastructure. While these developments lie outside the 
scope of this exegesis, one motivation behind this doctoral work was to start a path, 
or a foundation, for further development of therapeutic modalities of art 
expressions based on movement, aiding in the achievement of the mental health 
benefits that I have been personally experiencing from spatially defined movement 
practices. 
Creative Work as Contribution to Knowledge 
My contribution to knowledge is in the output produced by the methodological 
actions of the research, designing, making and moving, discussed in the chapters 
titled “Methodology” and “Experiential”: the movement infrastructure prototypes 
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and the movement practices. In writing this conclusion I refer to the role of creative 
research in the context of production of knowledge, revisiting the traditional 
description of a PhD as contribution to knowledge with an inclusion of the definition 
of creativity, which has had several meanings throughout the past decades 
(Torrance 1988, Runco and Jaeger 2012, Götz 1981). Originality and usefulness are 
the most common properties of creative outcomes: “A product is creative when it is 
(a) novel and (b) appropriate. A novel product is original not predictable. The bigger 
the concept, and the more the product stimulates further work and ideas, the more 
the product is creative” (Sternberg and Lubart 1995). The novelty of my research is 
in the establishment of a parametric design based on spherical symmetry where the 
parameters are geometric entities as well as movements—transformation of 
positions in space-time. The output of the design is also of a dual nature, resulting 
in the making of physical artifacts—the polyhedra connectors for the movement 
infrastructure—and in the making of ephemeral constructs, namely the movement 
sequences inspired/framed by geometric physical (the movement infrastructure) or 
imaginary (the axis mundi) constructs. Both research outputs can also be 
considered ‘useful’ as they generate objects—potentially home 
furnishing/decoration—and practices, which could contribute to wellbeing and 
provide accessible structure to support everyday fitness. 
During the unfolding of the research there have been several explorations of 
vertex/joint/connection, as previously discussed. The few types of joints 
commercially available for the assembly of structural forms based on the Platonic 
Solids are formally extremely simple and do not emphasize the complexity of the 
symmetry properties characterizing the polyhedra. The creation of a custom 
structural form has been important for the movement practice, since the form of 
the vertex can be associated to movements inspired by its geometry. A vertex/joint 
goes beyond its utilitarian properties of connecting edges to become artwork on its 
own. Vertices can be assembled with edges of different lengths, generating 
polyhedra with different circumradii. The vertices can also be connected among 
themselves, eliminating the edges of the polyhedron. The creation of these 
shapes—the vertices/joints connecting the edges of a polyhedron—enacts the 
geometric intention informing movements. The experience of geometry extends 
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from an abstract theoretical framework to an experiential perceivable physical 
manifestation in the making of objects and making of movement. The contribution 
to knowledge is also in the production of geometric entities of different nature 
(physical, digital, time-based) elicited by movement and their integration within 
physical objects—the movement infrastructure. In the practice established during 
the research the static geometry of the human body is extended to the dynamic 
geometry of movement created by the body itself. The artwork/practice merge, 
defining a total work reminiscent of the Bauhaus Gesamtwerk, where geometry 
establishes a continuity between my moving body and the built framework defining 
the space of movement. 
As discussed in the section “Moving in the Movement Infrastructure”, several 
movement sequences have been created by body drawings, connecting the built 
geometric components of the polyhedron. Utilitarian components evolve into 
formal explorations with implications suggestive of movement performance: the 
geometric properties of consecutive elements translate into a physical motion of 
rotation and translation, connection and separation, circling and spiraling from one 
built component to the next. It has been shown how geometry can shape human 
movement and can be a source of inspiration. The two-dimensional forms—circle 
and square—defining the Vitruvian Man proportions in harmonious relationship in 
the human body, have been translated into three-dimensional configurations in the 
icosahedron, extending the static two-dimensionality into dynamic three-
dimensional movement.  
Finally, another contribution is in the definition of a video cartography 
establishing the physical connection between body and place, body and time. The 
association between the video recordings of a practice with its geospatial 
coordinates and chronology quantifies this event into numerical data. It creates a 
framework to express the subjective/phenomenological nature of the practice into 
an objective four-dimensional space-time event, where a first-person phenomenon 
is qualitative-quantitatively expressed in images—the video-photography of the 
practice—and numbers—its four-dimensional coordinates. 
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Mathematical Beauty 
The beauty of mathematics has been a great influence, as a source of inspiration as 
well as being present in research artifacts and processes. The diagrams emerging 
from the photographic imagery, together with the design drawings for the built 
fabrications, show formal complexities that can be understood in the visual 
vocabulary of geometry. Geometrical transformations and relations—symmetry, 
twists, rotations, ratios—have inherent aesthetic qualities. The beauty of 
mathematics is the underscoring concept unifying the making of objects with the 
making of movements. As discussed in Chapter 2, the link between geometry and 
biology is present in nature and the beauty of natural forms is often associated with 
their mathematical properties. Several organisms follow shapes derived by the 
Platonic solids, spirals, the Fibonacci series and the golden ratio, which become a 
paradigm for harmony and proportions (Ghyka 1977, Thompson d’Arcy 1917, Weyl 
1952). These shapes have also been generated in the geometry-inspired forms of 
this research.  
The beauty of numerical relations, geometrical shapes or the logical reasoning 
behind mathematical theories have been celebrated not only by mathematician and 
scientist but also by philosophers and artists (Darvas 2007, Weyl 1952). Bertrand 
Russell stated the “supreme beauty” of mathematics and that “true spirit of delight, 
the exaltation, the sense of being more than Man, which is the touchstone of the 
highest excellence, is to be found in mathematics as surely as poetry” (Russell 
1919). Drawing from these precedents of beauty in mathematics I am confident 
that extending my practice to the participation of other subjects will yield beneficial 
outcomes. Linking the visualization and experience of geometry to the awareness of 
movement can produce relaxed and focused mental states; as it has been shown by 
this research, the awareness of geometry in movement can be achieved either in 
built structure, or in visualized proprioceptive frameworks. 
Movement Infrastructure Developments 
The formal possibilities of the Platonic solids, with emphasis on the icosahedron, 
have been explored in the translation of abstract geometric entities to digital 
models and physical objects—prototypes of the movement infrastructure. In future 
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developments, the movement infrastructure can be designed for fabrications at 
different scales and uses: public art and personal fitness equipment are the two 
main applications envisioned at this stage. In both scenarios a change in production 
scale and related features has to be analyzed, in the transition from prototype used 
for my own individual practice to multiple products to be used by others. 
The prototypes designed and built so far have used 3D printers for the 
vertices/connectors; the materials selection has been limited to the 3D printer 
specifications. As discussed in the appendix, some 3D-printed connections have 
failed when printed in PLA and installed in outdoor environments. A better output 
has been achieved by 3D printing in ABS and finally nylon. Nevertheless, 3D printing 
presents limitations due to inefficiency in terms of structural functionality and 
production time, in the scenario of a transition from prototyping to pilot 
production. Testing of structural and material properties is required when going 
beyond the prototyping phase, which is nevertheless adequate for the artwork 
produced during this doctoral research. 
At the time of writing I am involved with a business incubator program in New 
York, working on the developments outlined in the sections below. 
Movement Infrastructures as Public Art: Spiraling Polyhedra 
One of 2014 prototypes of the movement infrastructure was installed in a 
landscape setting at Sun Farm, and utilized for outdoor practice. A movement 
practice in outdoor settings can be different from the same practice in an indoor 
space, not only for the environmental conditions but also for the social context.  
Practicing outdoors, with movements guided by a built framework, motivated 
me to explore fitness equipment in outdoor settings and I visited several New York 
public parks. With the main function revolving around physical exercises, outdoor 
fitness equipment is made of industrial metal components, often lacking aesthetic 
qualities. I noticed that there was a great opportunity to design fitness equipment 
based on the five Platonic solids. The formal possibilities of the regular polyhedra 
make them suitable for unique pieces, a crossover between fitness equipment and 
what I define as “functional sculpture”: artwork with functions beyond its artistic 
appreciation. A source of inspiration for “functional sculpture” also came from 
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playground equipment. I was quite intrigued by a sculpture in the garden of the 
National Gallery of Victoria, in Melbourne: a play-structure composed of metal rods 
and rope in the shape of a semi-regular polyhedron. 
For the exploration of the movement infrastructure as public art piece I chose a 
parametric transformation of the icosahedron, where each vertex is transformed 
into a spiral configuration based on the geometric properties of the icosahedron 
(figure 5.1). The spiral is a shape of great geometric properties and also a symbol 
often used as a metaphor in ancient wisdom and several cultures; I have been 
studying spiral configurations for several years while developing landscape art 
interventions (Bertol 2013a, 2008b, 2013b, 2006, 2008a). Spirals generate twofold 
movements of contraction and expansion to and from a center point; a spiral 
configuration applied to the vertices of a regular spherical polyhedron defines an 
expansion starting from the vertex point while the contraction begins from the 
midpoint of the spherical edge connecting two consecutive vertices. 
 
 
5.1  movement infrastructure as public art: spiraling icosahedron 
 
In  "The parametric making of geometry: the Platonic solids" (Bertol 2016b) I 
argue that:  
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The form is characterised by the mapping of helicoidal paths on a spherical 
regular polyhedron; the path is a spiral in the orthogonal projection centered on 
a polyhedron vertex... The helicoidal shape centered on a vertex continues in 
other helices centred on the adjacent vertices… The number of helicoidal paths is 
equal to the value q of the Schläfli symbol—the number of polygons meeting at a 
vertex is also equal to the number of edges intersecting at the same vertex.  
The article continues with a description of the parametric and generative rules 
of the digital model and fabrication process, leading to the 3D print in polyjet 
photopolymer of a scale model. 
In a spiraling icosahedron the helicoidal shapes connecting the pair of vertices 
of each golden rectangle—associated to an anatomical plane—can be identified by 
different colors. The movement practitioner is envisioned in the center of the 
icosahedron with opposite limbs extended to align with the diagonal of each 
rectangle. Spiral movements start from the navel, positioned at the center of the 
polyhedron, and travel to the limbs and bodies extremities—fingers and toes. The 
rotational centers transfer to the shoulder and hip joints of opposite limbs. Spiraling 
movements are characterized by contraction and expansion, pushing and pulling—
or, in the Laban vocabulary, in-tension and ex-tension (Laban and McCaw 2011, 
Laban 1920). The center of the polyhedron coincides with the centers of the 
spherical arcs connecting two consecutive vertices; the midpoint of these arcs is 
also the intersection of the two spirals originating from the two consecutive vertices 
defining the endpoints of the arc. Rotational movements following the spirals 
growing from the vertices can follow endless cycles of contraction and expansion 
almost in an hypnotic state, similarly to the rotoreliefs of Duchamp’s Anémic 
Cinéma (Mussman 1967). 
Metal is the most appropriate material for the spiraling icosahedron as public 
artwork/fitness equipment, in consideration of outdoor condition and structural 
strength. In this hypothetical development, structural testing would be needed, as 
well as checking for potential liability issues. The final artwork would also include an 
app for mobile computing devices with audio visual instructions for the movement 
sequences to be performed inside the icosahedron. The public involvement with the 
spiraling icosahedron would include its appreciation as artwork, its use as fitness 
equipment and also as an educational experience in the understanding of 
mathematical properties of the polyhedron as “learning by moving”.  
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Movement Infrastructures as Personal Fitness Equipment 
The use of the icosahedron for a daily practice in my home/studio inspired 
exploration of development of a typology of the movement infrastructure as a 
personal fitness equipment, for either outdoor or indoor use. This typology will be 
derived from prototype no. 6, already discussed in Chapter 4: a system based on 
custom connections and off-the-shelf components—aluminum tubes. The custom 
connection is envisioned to be made of PVC material, manufactured from an 
injection molding process. A business plan is currently in progress; a pilot 
production will be tested among fitness facilities and dance studios, to optimize the 
final production. At this stage I anticipate that only the connections will be offered, 
accompanied by charts indicating different lengths of the tubes (to accommodate 
space constraints and height of user), fastener sizes and drilling instructions. 
Tutorial diagrams and photographs from my practice will also be included. 
Geometry of Meditation and Meditation on Geometry 
A geometry-inspired movement practice has become part of my daily routine since 
this research started in 2013. As I reflect on the value of the research and what it 
has offered, I realize that my practice can be considered as a technique to achieve a 
meditative state, one of the “thousands of techniques that one can practice, each of 
which may have different effects on the brain, metabolism, and psyche” (Bond et al. 
2009). Meditation, which was once a spiritual practice from Eastern traditions, is 
often incorporated in therapeutic treatments in Western medicine and “refers to a 
broad variety of practices, ranging from techniques designed to promote relaxation 
to exercises performed with a more far-reaching goal such as a heightened sense of 
well-being” (Lutz et al. 2008). Lutz refers to a Focused Attention (FA) meditation 
which is based on “directing and sustaining attention on a selected object (e.g., 
breath sensation)” (Lutz et al. 2008). The geometric entities (either physical or 
visualized) are the object of attention that directs my thoughts, perceptions and 
movements. While meditation is usually performed in a still seated position, often 
with closed eyes, my practice could be said to merge FA and movement producing a 
multisensory engagement of the whole body—including proprioception—toward 
the geometry form generating a more complete mind-body experience.  
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While there are no metrics involved in this research based on creative work, 
future development could involve clinical trials where my own experience of 
meditative states induced by geometric movements can be shared by others.  
Yantras, Mandalas and Mindful Meditation 
As my movement practice developed around the movement infrastructure, I 
realized that this structure can be considered a three-dimensional yantra. Yantras 
and mandalas are commonly used as aids in meditation practices in the Eastern 
tradition. Physical objects, the yantras (यन् Sanskrit term for diagram and 
instrument) and mandalas (meaning circle in Sanskrit: मण्ड) are often made as 
artworks in the form of drawings and painting, and used as visual means to induce 
concentration and focus. The yantra is defined by Madhu Khanna as “geometrical 
diagram with abstract symbols” and often used in tantric practices of meditation 
(Khanna 2003). The distinction between yantras and mandalas is difficult to define, 
as often the two terms are used interchangeably; however, yantra refers to a Hindu 
tradition while mandala is used in Tibetan Buddhist mysticism. According to Mircea 
Eliade the yantra is a diagrammatic version of the mandala, expressing the same 
concepts but in geometric simplified form, and “its structure may be regarded as 
the linear paradigm of the mandala” (Eliade 2009, 219). Like mandalas, yantras are 
used in the context of meditation and worship as visual-aids to concentration of the 
mind leading to realization of the abstract principle, which is the inner meaning of 
the visible representation. Yantras and mandalas are commonly used in the outside 
environment aiding the meditator in reaching inner states. Geometric elements 
characterize mandalas and yantras, often shaped from a series of concentric 
elements: regular polygons are inscribed-circumscribed one into another with a 
circle defining the center point, becoming a representation/symbol of the cosmos.  
These ideas are inflected in the movement infrastructure designed and 
developed across the course of this research. Each vertex is a three-dimensional 
diagram based on spherical symmetry. The mover placed at the center of the 
structure is invited to focus on each vertex, similar to a meditator using a yantra or 
mandala as visual aid to concentration. My practice inside the icosahedron acts as a 
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moving meditation on its geometry, with variations defined by the geometric focus. 
Geometry-inspired movements require and induce mindfulness. My experience 
within my movement practice adopts a kind of mindfulness according to Kabat-
Zinn’s definition of mindfulness, as "awareness that arises through paying attention, 
on purpose, in the present moment, non-judgmentally" (Mindful 2016). The 
visualization of geometric entities has generated detachment from distractions such 
as negative emotions. 
The experience of mindfulness has been extensively associated with spiritual 
and mind-body practices (Hanh 2016, 1991, Kabat-Zinn 2009, 1982, Hanh 2008, 
Davidson et al. 2003). In the past four decades, mindfulness, which was once 
associated with ancient wisdom and meditation practices from Eastern mysticism, 
has become increasingly an object of neuroscientific studies from a Western 
empirical quantitative approach. Kabat-Zinn’s research on the effects of 
mindfulness meditation on chronic pain patients (Kabat-Zinn 1982) has provided 
one of the seminal studies. As I engage in moving within the movement 
infrastructure, my focus is on the configuration of movements my body is drawing. I 
am inspired by geometry alongside my focus outward on the imaginary lines 
extending beyond my body into the surrounding environment and I am absorbed in 
a focus on the present moment, on being here now, engaged in a movement 
practice where constraints are defined by geometric elements motivating the 
mover to focus attention on the space surrounding the movement at each moment 
in time.  
Geometrically Moving as Empowerment 
Thinking of geometry during a movement practice can guide body alignment to the 
envisioned geometric shapes. Visualization of axes can promote a standing posture 
which is often a sign of self-esteem (Riskind 1984). Standing straight and visualizing 
the harmony of geometry shapes during even simple movements can reinforce self-
esteem and sense of pride. The abstract, cold beauty of geometry and the logical 
thinking behind its forms provide a vision of harmony and an ideal peaceful place, 
free of negative emotions. Experiencing such states during movement practice has 
often helped me to cope with negative emotions; focusing instead on harmonious 
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movements inspired by the harmony of geometric shapes is a way to relate to a 
world often perceived as unsafe and unsettling. 
The geometry-inspired movements of this research have empowered me 
beyond the practice. They have helped with posture and body language in everyday 
life, especially in challenging circumstances, when I felt physically and emotionally 
overwhelmed. The harmony in movements, stance and posture can go beyond 
physical strength, agility and flexibility: it can be expression of an inner state and 
send a powerful message to the outside environment. 
Theory Becomes Practice: Research Practice in Life and Life Practice 
The tenet that we are part of a system has been leading not only this research, but 
also all my work as designer, research artist and yoga teacher—and most of all my 
life. A cross-disciplinary approach has been crucial to find cross-references between 
the study of the human body and geometry, concepts of form and function, making 
and movement, as well as infusing everyday actions and tasks. Practice-led research 
bridges the gap between art and life creating aesthetic intentions in life narratives. 
From Michel de Certeau’s social studies to Thích Nhất Hạnh’s spiritual teaching, 
everyday life becomes subject/object of knowledge production or wisdom. 
Aesthetic intentions can be sought and found almost in every action, which is 
purposefully and mindfully performed within the practice. In this way, the 
aesthetics of the movement produced within the practice explored in this study is 
freed from the virtuosity of traditional performing arts and as such, becomes 
accessible to anybody who desires to be engaged. The act of engagement become 
an expression of interest in art making, where making, once again, is a creative and 
therapeutic endeavor. A movement practice inspired by geometry does not require 
any dance training; it is not a virtuoso act, yet it can be aesthetically interesting and 
most of all meaningful and mindful. It can be brought to everyday life in stance, 
posture and routine movements such as walking or performing simple actions.  
Geometry-inspired movements have become part of a daily practice, either 
indoors in the movement infrastructure or as performance of Finding the Axis 
Mundi in an outdoor location. The embodiment of geometric configurations by a 
mover is, recalling Depraz and Varela’s title, a “gesture of awareness” (Depraz et al. 
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2000, 121). The mover’s body is a means to connect with the surrounding space, 
defined by the engagement of geometry. The self—as a moving body—is connected 
with the outside world by the establishment of geometric configurations drawn by 
movement, and spatial perceptions are channeled by the presence of geometric 
driven awareness of “being-in-the-world” (Heidegger et al. 1996) For me, these 
geometry-guided movements have represented a coping strategy, eliciting a 
“gesture of awareness”. The movement infrastructure is usually available, located in 
my studio /home in New York and during the day it becomes the environment of my 
practice. In periods of great stress I start my daily routine with one of sequences, 
already described in the section “Moving in the Movement Infrastructure”, for 
example “Octahedron in the Icosahedron” or “Pentagons”. The sequences of 
movement I developed across the duration of the project have been expanded into 
improvisations inspired by the geometry of the icosahedron as well as the form of 
the joints/vertices. The duration of each transition between movements varies 
according to the intensity of my emotional state, defining different rhythms and 
patterns. Faster movements are performed when I experience higher anxiety while 
slower sequences with greater range of motion are executed during moments of 
sadness. My movement sequences as improvisations are characterized by 
extensions of limbs to reach the geometric focus—the icosahedron vertex, face 
center or edges midpoint. Each movement is initiated by abdominal breathing. The 
extension is often followed by rotations of opposite limbs about hip and shoulder 
joints. I require balance to direct the movement on the desired pathway. Each 
movement and posture requires mental focus, and through mental focus I am 
aware of shifts in my emotional state, my mood and my physical state. I include this 
personal reflection, as I draw this exegesis to a close through this summary of the 
findings. It is also relevant as I point toward the specific contributions to knowledge, 
particularly to the ways in which moving meditation on geometry has consistently 
produced calming effects in my overall life, beyond the time spent practicing. 
During the period of the research, the movement infrastructure has enabled a 
consistent and ongoing practice and I feel that this has contributed to improving my 
coping skills and general wellbeing when I am confronted with life situations 
generating feelings of anger, powerlessness, loss and pain. While the negative 
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emotions I am experiencing may not disappear completely after my movement 
practice, they are manageable and I am able to continue a productive life. Using my 
body to make circles, triangles and spirals immerses me in mindfulness and enables 
a perception of feeling centered or present, here and now. Uncannily, my personal 
experience is situated in a larger context of uncertainty and anxiety. We are living in 
unfamiliar times, where civil rights and economic injustice dominate the USA 
political landscape as shown in the 2016 presidential election in the US. A collective 
sense of powerlessness and fear seem to pervade us. 
How to transform fear into positive action? Through this study I have argued 
that a practice-based expression of creativity can be one way. Making objects that 
embody the beauty of mathematics and moving according to these objects can alter 
emotional and mental states, as anecdotally shown by this research.  
Concluding Thought: Finding the Center 
My practice-led research has shown that geometric moving is a path to mindfulness 
and mindfulness creates empowerment. Can artistic expression, search for beauty 
and pursuit of knowledge help us to make sense of the world? In a world 
increasingly dominated by injustice and corruption—spanning from the public realm 
to the private context—a personal practice is a pledge to individual agency. 
At the time of this writing I have just returned from participating to the 
Women's March in New York, attended by an estimated 600,000 people; we 
peacefully rallied and marched through the blocks from the United Nation Plaza to 
the Trump Tower. The New York Women's March was part of a worldwide protest, 
attended by over one million people. 
We are at a time of pivotal change where the democratic process cannot be 
delegated to politicians but we, the people, must be guardians of our rights. The 
dual meaning of the word “movement" has never been so pertinent: movement as 
physical displacement in space as well as social phenomenon. 
My research can find meaning in this socio-political context as a means of 
achieving focus throughout the geometry of movement of our body, something we 
can easily control and achieve in almost any type of situation. As proven at a 
personal level, my geometry-based movement practice and creative work have 
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provided a reference system to enhance the experience of movement at a physical 
level while promoting mindfulness with relaxation and mental focus.  
We must be focused and mindful to be able to navigate these unsettling times. 
Perhaps movement according to “triangles, circles, and other geometrical figures” 
(Drake 1957, 238) which Galileo identified with the language of the universe can be 
a means to achieve empowerment. In a time of social shifting and uncertainty, 
focus can provide stability and balance; metaphors and inspiring quotes can offer 
motivations to action. 
When the personal is political and the public is private we have to find coping 
strategies, which, as per Thích Nhất Hạnh’s spiritual teaching, may start from our 
own mindful steps; mindfulness will bring peace. The slogan from the 1968 French 
student revolt can be given a new meaning: “Ce n'est qu'un début, continuons le 
combat!"/It's only a beginning, let's continue the fight!” (Reader and Wadia 1993, 
97). 
When I move I find my voice through my body: geometry helps me to find 
intentions in an ideal world of harmony and proportions—the mathematical beauty 
of golden ratios, symmetry, complex shapes and numbers. 
 
I make and I move, therefore I am 
as I find motivation and inspiration in geometries 
 
 
 
 
  
  
 
115 
REFERENCES 
Ackerman, Alan. 2007. "The Urge for Totality". Twentieth-Century Literature. 53 (2): 224-231. 
Alberti, Leon Battista, and Marco Collareta. 1999. De statua. Livorno: Sillabe. 
Anderson, Leon. 2006. "Analytic autoethnography." Journal of contemporary ethnography no. 35 
(4):373-395. 
Arambula, Pete, Erik Peper, Mitsumasa Kawakami, and Katherine Hughes Gibney. 2001. "The 
physiological correlates of Kundalini Yoga meditation: a study of a yoga master." Applied 
Psychophysiology and Biofeedback no. 26 (2):147-153. 
Arnheim, Rudolf. 1998. "Buildings as Thoughtful Vision." Daidalos (March):26-31. 
Ballentine, Rudolph, and Alan Hymes. 1998. Science of breath: A practical guide: Himalayan Institute 
Press. 
Bartenieff, Irmgard, Peggy Hackney, Betty True Jones, Judy Van Zile, and Carl Wolz. 1984. "The 
potential of movement analysis as a research tool: a preliminary analysis." Dance Research 
Journal no. 16 (1):3-26. 
Bartenieff, Irmgard, and Dori Lewis. 1980. Body movement: Coping with the environment: Routledge. 
Berg, Bruce Lawrence, Howard Lune, and Howard Lune. 2004. Qualitative research methods for the 
social sciences. Vol. 5: Pearson Boston, MA. 
Bertol, Daniela. 1983. Forma e Prestazioni Statiche delle Strutture Tensegrity. Excerpts, Istituto di 
Scienza e Tecnica delle Costruzioni, Universita' degli Studi La Sapienza, Roma. 
Bertol, Daniela. 1984. "Forma e Prestazioni Statiche delle Strutture Tensegrity." Acciaio (10):464-468. 
Bertol, Daniela. 1994a. "A Few Considerations about Space, Architecture, Design, and Computers." In 
Visualizing with CAD, 2-61. Springer. 
Bertol, Daniela. 1994b. Visualizing with CAD: an Auto CAD exploration of geometric and architectural 
forms: Telos. 
Bertol, Daniela. 1996. " Architecture of Images": An Investigation of Architectural Representations 
and the Visual Perception of Three-Dimensional Space." Leonardo:87-94. 
Bertol, Daniela. 1997. Designing digital space: an architect's guide to virtual reality: John Wiley and 
Sons Ltd. 
Bertol, Daniela. 1998. "The Alchemy of Art-An artist describes her fascination with alchemy, 
expressed in her work both in metaphorical and more literary references." Chemical 
Intelligencer no. 4 (4):42-44. 
Bertol, Daniela. 2006. "Framing the Land and Sky: Art Meets Cosmology in a Sustainable 
Environment." Leonardo no. 39 (2):125-130. 
Bertol, Daniela. 2008a. "Architettura e Cosmologia: percezioni del cielo sulla terra." In matematica e 
cultura 2008, 285-294. Springer. 
  
 
116 
Bertol, Daniela. Frames of sky from Earth : Sun Farm  [DVD]. Axes Mundi Press 2008b. Available from 
http://hdl.handle.net/10536/DRO/DU:30059402. 
Bertol, Daniela. 2011a. Building the “Sublime”. In 3D Printing in AEC: 3DSystems. 
Bertol, Daniela. 2011b. Form Geometry Structure: From Nature to Design: Bentley Institute Press. 
Bertol, Daniela. 2012. POLYHEDRA: the Regular Solids. New York: Axes Mundi Press. 
Bertol, Daniela. 2013a. The Sky from Earth: Landscape as Awareness. Paper read at IFLA World 
Congress: Shared Wisdom in a Age of Change, 10-12 April 2013, at Auckland, New Zealand. 
Bertol, Daniela. 2013b. Sky Spirals. New York: Axes Mundi Press. 
Bertol, Daniela. 2014. Embodying Geometry. 
Bertol, Daniela. 2015a. "Designing and Making a Movement Infrastructure." Procedia Technology no. 
20:72-78. 
Bertol, Daniela. 2015b. The Making of Geometry. Paper read at The International Design Technology 
Conference, DesTech2015, 29th of June – 1st of July 2015, at Geelong, Australia. 
Bertol, Daniela. 2015c. "The Making of Geometry." Procedia Technology no. 20:39-45. 
Bertol, Daniela. 2015d. "Sun Farm: Body, Self, Universe." PAJ: A Journal of Performance and Art no. 
37 (1):36-48. 
Bertol, Daniela. 2016a. "Being Vitruvian in the Movement Infrastructure." Symmetry: Culture and 
Science no. 27 (4):425-430. 
Bertol, Daniela. 2016b. "The parametric making of geometry: the Platonic solids." International 
Journal of Rapid Manufacturing no. 6 (1):33-52. 
Bishop, Claire. 2005. Installation art: Tate. 
Bolt, Barbara, and Estelle Barrett. 2010. Practice As Research : Approaches to Creative Arts Enquiry. 
London: I. B. Tauris. 
Bond, Kenneth, Maria B Ospina, Nicola Hooton, Liza Bialy, Donna M Dryden, Nina Buscemi, David 
Shannahoff-Khalsa, Jeffrey Dusek, and Linda E Carlson. 2009. "Defining a complex 
intervention: The development of demarcation criteria for “meditation”." Psychology of 
Religion and Spirituality no. 1 (2):129. 
Bracelli, Giovanni Battista, Sue Welsh Reed, Congress Library of, and J. Rosenwald Collection Lessing. 
2000. Bizzarie di varie figure Livorno, 1624. Oakland, CA: Octavo. 
Brown, Maxine D., and Stephen W. Smoliar. 1976. "A graphics editor for labanotation". ACM 
SIGGRAPH Computer Graphics. 10 (2): 60-65.  
Chavez, Matthew. 2017. Subway Therapy: Bloomsbury Pub Plc USA. 
Coe, Brian. 1992. Muybridge and the Chronophotographers: Museum of the Moving Image. 
Cohen, Jonathan D, W Monty Jones, Shaunna Smith, and Brendan Calandra. 2016. Makification: 
Towards a Framework for Leveraging the Maker Movement in Formal Education. Paper read 
at Society for Information Technology & Teacher Education International Conference. 
  
 
117 
Corbett, J Martin. 2008. "Towards neuroscientific management? Geometric chronophotography and 
the thin-slicing of the labouring body." Management & Organizational History no. 3 (2):107-
125. 
Corbusier, Le. 1954. The modulor: a harmonious measure to the human scale universally applicable 
to architecture and mechanics. Vol. 1: Faber and Faber. 
Coxeter, Harold Scott Macdonald. 1973. Regular Popytopes: DoverPublications. com. 
Da Vinci, Leonardo. 1490. Vitruvian Man. Venice: Gallerie dell'Accademia. 
Dabbour, Loai M. 2012. "Geometric proportions: The underlying structure of design process for 
Islamic geometric patterns." Frontiers of Architectural Research no. 1 (4):380-391. doi: 
http://dx.doi.org/10.1016/j.foar.2012.08.005. 
Darvas, György. 2007. Symmetry: Cultural-historical and ontological aspects of science-arts relations; 
the natural and man-made world in an interdisciplinary approach: Springer. 
Davidson, Richard J, Jon Kabat-Zinn, Jessica Schumacher, Melissa Rosenkranz, Daniel Muller, Saki F 
Santorelli, Ferris Urbanowski, Anne Harrington, Katherine Bonus, and John F Sheridan. 2003. 
"Alterations in brain and immune function produced by mindfulness meditation." 
Psychosomatic medicine no. 65 (4):564-570. 
de Certeau, Michel. 1984. The Practice of Everyday Life. Berkeley: University of California Press. 
Depraz, Natalie, Francisco J. Varela, and Pierre Vermersch. "The gesture of awareness: An account of 
its structural dynamics." Investigating phenomenal consciousness (2000): 121-136. 
Derrida, Jacques. 1978. Edmund Husserl's origin of geometry: An introduction: U of Nebraska Press. 
Derrida, Jacques. 1980. Of grammatology. Baltimore: John Hopkins University Press. 
Dickerman, Leah, and Matthew Affron. 2012. Inventing Abstraction, 1910-1925: How a Radical Idea 
Changed Modern Art: The Museum of Modern Art. 
Dictionary.com. infrastructure. In Dictionary.com Unabridged: Random House, Inc. 
Dörr, Evelyn. 2008. Rudolf Laban: The dancer of the crystal: Scarecrow Pr. 
Dougherty, Dale. 2012. "The maker movement." innovations no. 7 (3):11-14. 
Drake, Stillman. 1957. Discoveries and opinions of Galileo: Doubleday Garden City. 
Duchamp, Marcel. 1978. Readymades: National Gallery of Canada. 
Eddy, Martha. 2009. "A brief history of somatic practices and dance: Historical development of the 
field of somatic education and its relationship to dance." Journal of Dance & Somatic 
Practices no. 1 (1):5-27. 
Eliade, Mircea. 1961. Images and symbols: Studies in religious symbolism: Princeton University Press. 
Eliade, Mircea Trask Willard R. 1959. The sacred and the profane : the nature of religion. New York: 
Harcourt, Brace. 
Ellis, Carolyn, Tony E Adams, and Arthur P Bochner. 2011. "Autoethnography: an overview." 
Historical Social Research/Historische Sozialforschung:273-290. 
Fagan, Robert, Jan Conitz, and Elizabeth Kunibe. 1997. "Observing behavioral qualities." International 
journal of comparative psychology no. 10 (4). 
  
 
118 
Feuillet, Raoul-Auger. 1701. Choreographie, ou l'art de décrire la Dance. 
Field, Tiffany, Miguel Diego, and Maria Hernandez-Reif. 2010. "Tai chi/yoga effects on anxiety, 
heartrate, EEG and math computations." Complementary therapies in clinical practice no. 16 
(4):235-238. 
Fludd, Robert Bry Johann Theodor de. 1617. Utriusque cosmi maioris scilicet et minoris metaphysica, 
physica atqve technica historia, in duo volumina secundum cosmi differentiam diuisa. 
Oppenhemii: ære Johan-Theodori de Bry, typis Hieronymi Galleri. 
Foroud, Afra, and Ian Q Whishaw. 2006. "Changes in the kinematic structure and non-kinematic 
features of movements during skilled reaching after stroke: A laban movement analysis in 
two case studies." Journal of Neuroscience Methods no. 158 (1):137-149. 
Forsythe, William, and Deutsches Tanzarchiv. 1999. Improvisation technologies: a tool for the 
analytical dance eye: Zentrum für Kunst und Medientechnologie. 
Fuller, Richard Buckminster. 1975. Synergetics: Macmillan New York. 
Fuller, Richard Buckminster, K Michael Hays, and Dana Ashley Miller. 2008. Buckminster Fuller: 
starting with the Universe: Yale University Press. 
Fuller, Richard Buckminster, Joachim Krausse, and Claude Lichtenstein. 1999. Your private sky: R. 
Buckminster Fuller: the art of design science: Springer. 
Fuller, Richard Buckminster, and James Ward. 1985. The artifacts of R. Buckminster Fuller: a 
comprehensive collection of his designs and drawings: in 4 vol. Vol. 4: Garland. 
Gendlin, Eugene. 2009. "What First & Third Person Processes Really Are." Journal of Consciousness 
Studies no. 16 (10-1):332-362. 
Ghyka, Matila Costiescu. 1977. The geometry of art and life. Vol. 2: Dover Publications New York. 
Götz, Ignacio L. 1981. "On Defining Creativity." The Journal of Aesthetics and Art Criticism no. 39 
(3):297-301. doi: 10.2307/430164. 
Gropius, Walter. 1992. "“The Theory and Organization of the Bauhaus”(1923)." Art in Theory: 1900-
1990. 
Hanh, Thich Nhat. 1991. Peace is every step: The path of mindfulness in everyday life: Bantam. 
Hanh, Thich Nhat. 2008. The Miracle of Mindfulness: The Classic Guide to Meditation by the World's 
Most Revered Master: Random House. 
Hanh, Thich Nhat. 2016. The miracle of mindfulness: Beacon Press. 
Hanna, Thomas. 1986. "What is Somatics?" Magazine-Journal of the Bodily Arts and Sciences no. V 
(4). 
Hatch, Mark. 2013. The maker movement manifesto: rules for innovation in the new world of 
crafters, hackers, and tinkerers: McGraw Hill Professional. 
Hegel, Georg Wilhelm Friedrich, and George Di Giovanni. The science of logic. Cambridge University 
Press 2010. Available from http://site.ebrary.com/id/10412876. 
Hegel, Georg Wilhelm Friedrich, Arnold V. Miller, J. N. Findlay, and Johannes Hoffmeister. 1979. 
Phenomenology of spirit. Oxford [England]: Clarendon Press. 
  
 
119 
Heidegger, Martin, and Joan Stambaugh. 1996. Being and time: a translation of Sein und Zeit. 
Chicago: University of Chicago. 
Hilbert, David. 1932. Geometry and the Imagination: Chelsea Publishing Company. 
Husserl, Edmund. 2005. Logical investigations. London; New York: Routledge. 
Iyengar, B. K. S. 2005. The illustrated light on yoga: HarperCollins. 
Jerath, Ravinder, John W. Edry, Vernon A. Barnes, and Vandna Jerath. 2006. "Physiology of long 
pranayamic breathing: Neural respiratory elements may provide a mechanism that explains 
how slow deep breathing shifts the autonomic nervous system." Medical Hypotheses no. 67 
(3):566-571. doi: http://dx.doi.org/10.1016/j.mehy.2006.02.042. 
Jewkes, Yvonne. 2012. "Autoethnography and emotion as intellectual resources doing prison 
research differently." Qualitative Inquiry no. 18 (1):63-75. 
Jonas. Somatic Education. In Mosby's Dictionary of Complementary and Alternative Medicine. 
Kabat-Zinn, Jon. 1982. "An outpatient program in behavioral medicine for chronic pain patients 
based on the practice of mindfulness meditation: Theoretical considerations and 
preliminary results." General hospital psychiatry no. 4 (1):33-47. 
Kabat-Zinn, Jon. 2009. Wherever you go, there you are: Mindfulness meditation in everyday life: 
Hachette UK. 
Kandinsky, Wassily. 1914. Concerning the Spiritual in Art: Courier Corporation. 
Kasamatsu, A, T Okuma, S Takenaka, E Koga, K Ikada, and H Sugiyama. 1957. "The EEG of ‘Zen’and 
‘Yoga’practitioners." Electroencephalogr Clin Neurophysiol no. 9:51-52. 
Kemp, Martin. 2000. Structural Intuitions: The Nature book of art and science. Oxford: Oxford 
University Press. 
Kemp, Martin. 2006. Seen Unseen: Art, Science, and Intuition from Leonardo to the Hubble Telescope: 
Oxford University Press. 
Kemp, Martin. 2007. Leonardo da Vinci: the marvellous works of nature and man: Oxford University 
Press. 
Kepler, Johannes. 1997. The harmony of the world. Vol. 209: American Philosophical Society. 
Khanna, Madhu. 2003. Yantra, The tantric symbol of cosmic unity: Inner Traditions. 
Kuypers, Patricia, Andrien Baptiste, Florence Corin, and Bonnie Bainbridge Cohen. 2006. Dance and 
body-mind centering [videorecording] = Danse et body-mind centering / Contredanse ; DVD 
produced by Patricia Kuypers, Baptiste Andrien, Florence Corin: [Northhampton, Mass.] : 
Distributed by Contact Collaborations, 2006, c2005. 
Laban Centre for Movement and Dance. 1992. Laban dance works re-creations from his chamber 
dance repertoire 1923-1928. [London: Laban Centre. [videorecording] :. 
Laban, Rudolf. 1920. Die Welt des Taenzers. Stuttgart: Walter Seifert. 
Laban, Rudolf. 1926. Choreographie: Erstes Heft. Jena: E. Diederichs. 
Laban, Rudolf. 1966. The language of movement: a guidebook to choreutics: Plays, inc. 
  
 
120 
Laban, Rudolf, and Frederick Charles Lawrence. 1974. Effort: economy of human movement: 
Macdonald and Evans Plymouth. 
Laban, Rudolf, and Dick McCaw. 2011. The Laban Sourcebook: Routledge. 
Laban, Rudolf, and Lisa Ullmann. 1966. Choreutics: London: Macdonald & Evans. 
Laban, Rudolf, and Lisa Ullmann. 1984. A vision of dynamic space: Falmer Press. 
Lakoff, George, and Rafael Núñez. 2000. Where mathematics come from: How the embodied mind 
brings mathematics into being: Basic books. 
Lamb, Warren, and Elizabeth M Watson. 1987. Body code: The meaning in movement: Princeton 
Book Company. 
Lerner, Fern. 2005. "Foundations for design education: Continuing the Bauhaus Vorkurs vision." 
Studies in Art Education:211-226. 
Levy, Jacqlyn A, and Marshall P Duke. 2003. "The use of Laban Movement Analysis in the study of 
personality, emotional state and movement style: An exploratory investigation of the 
veridicality of body language." Individual Differences Research no. 1 (1):39-63. 
Longstaff, Jeffrey Scott. 2001. Translating” vector symbols” from labans (1926) choreographie,”. 
Paper read at Twenty-Second Biennial Conference of the International Council of 
Kinetography Laban, ICKL, 26 July-2 August, Ohio State University, Columbus, Ohio. USA. 
Longstaff, Jeffrey Scott. Rudolf Laban's (1926) Choreographie - Origins of a Conception of Body-
Space. Analyses and a complete text of Laban's (1926) German work Choreographie 
translated into English by Evamaria Zierach and Jeffrey Scott Longstaff. 2011. Available from 
http://www.laban-analyses.org/jeffrey/2011-Rudolf-Laban-1926-Choreographie/index.htm  
Lutz, Antoine, Heleen A Slagter, John D Dunne, and Richard J Davidson. 2008. "Attention regulation 
and monitoring in meditation." Trends in cognitive sciences no. 12 (4):163-169. 
Marey, Etienne-Jules. 1902. The history of chronophotography: US Government Printing Office. 
Martini, Frederic Bartholomew Edwin F. 2000. Human anatomy & physiology. Boston: Pearson 
Custom Pub. 
McCall, Debra, Mary Salter, Robert Leacock, Brian Hanna, Jan Michael Hanvik, Juliet Neidish, Nancy 
Ellen Stotz, Oskar Schlemmer, Bauhaus, and Dances Bauhaus. 2014. The Bauhaus dances of 
Oskar Schlemmer : a reconstruction. 
McLuhan, Marshall. 1994. Understanding media: The extensions of man: MIT press. 
Mindful. Jon Kabat-Zinn: Defining Mindfulness - 2016. Available from http://www.mindful.org/jon-
kabat-zinn-defining-mindfulness/. 
Moholy-Nagy, Laszlo. 2002. "Theater of the Bauhaus." Multimedia: from Wagner to virtual reality:16. 
Moholy-Nagy, László, Hans Maria Wingler, Otto Stelzer, and Janet Seligman. 1969. Painting, 
photography, film: Lund Humphries. 
Moore, Carol-Lynne. 2009. The harmonic structure of movement, music, and dance according to 
Rudolf Laban: An examination of his unpublished writings and drawings: Edwin Mellen 
Press. 
  
 
121 
Moore, Carol, and Kaoru Yamamoto. 1988. Beyond Words, Movement Observation and Analysis: 
Instructor's Guidebook: Psychology Press. 
Mussman, Toby. 1967. "Marcel Duchamp’s Anemic Cinema." The New American Cinema: A Critical 
Anthology:147-55. 
Muybridge, Eadweard, Eadweard Muybridge, and Eadweard Muybridge. 1989. The Human Figure in 
Motion: A Source Book of Sequential Action Images by a Master Photographer: Bonanza 
Books. 
Nave, Carl R., University Georgia State, Physics Department of, and Astronomy. 2014. Hyperphysics 
(Mechanics). Atlanta, Georgia: Dept. of Physics and Astronomy, Georgia State University. 
Newlove, Jean, and John Dalby. 2004. Laban for all: Nick Hern Books. 
Norberg-Schulz, Christian. 1971. Existence, space & architecture: Studio Vista London. 
Olson, Scott. 2006. The golden section: nature's greatest secret: Bloomsbury Publishing USA. 
Pacioli, Luca. 1509. De Divina Proportione. Venice. 
Panero, Julius, and Martin Zelnik. 2014. Human dimension and interior space: a source book of 
design reference standards: Watson-Guptill. 
Panofsky, Erwin, and Library Pierpont Morgan. 1971. The Codex Huygens and Leonardo da Vinci's art 
theory; the Pierpont Morgan Library, Codex M.A. 1139. Westport, Conn.: Greenwood Press. 
Phillips, Patricia C. 2016. Mierle Laderman Ukeles. Maintenance art. München: Prestel Verlag. 
Piaget, Jean, and Bärbel Inhelder. 1969. The psychology of the child. Vol. 5001: Basic Books (AZ). 
Plato. 2007. Plato's Timaeus. Cambridge: Cambridge University Press. 
Prager, Phillip. 2006. "Back to the future: interactivity and associational narrativity at the Bauhaus." 
Digital Creativity no. 17 (4):195-204. 
Preston-Dunlop, Valerie. 1998. Rudolf Laban: An Extraordinary Life: Dance Books London. 
Preston-Dunlop, Valerie Monthland. 1984. Point of departure : the dancer's space. London: V. 
Preston-Dunlop. 
Ramacharaka, Yogi. 2007. Science of breath: A complete manual of the oriental breathing philosophy 
of physical, mental, psychic and spiritual development: Book Tree.  
Ramaswami, Srivatsa, and David Hurwitz. 2006. Yoga beneath the surface: an American student and 
his Indian teacher discuss yoga philosophy and practice. New York: Marlowe. 
Reader, Keith A., and Khursheed Wadia. 1993. The May 1968 events in France: reproductions and 
interpretations. New York: St. Martin's. 
Reisel, Megan, Jean Newlove, Valerie Monthland Preston-Dunlop, Geraldine Stephenson, Warren 
Lamb, Ann Hutchinson Guest, Sam Thornton, Peggy Hackney, Carol-Lynne Moore, and 
William Forsythe. 2005a. Laban's legacy. Lenox, MA. 
Reisel, Megan, Jean Newlove, Valerie Monthland Preston-Dunlop, Geraldine Stephenson, Warren 
Lamb, Ann Hutchinson Guest, Sam Thornton, Peggy Hackney, Carol-Lynne Moore, and 
William Forsythe. 2005b. Laban's legacy [videorecording] / produced and directed by Megan 
Reisel ; Laban Project: [Lenox, MA] : Laban Project, [2005]. 
  
 
122 
Rett, Joerg, Jorge Dias, and Juan-Manuel Ahuactzin. 2008. "Laban Movement Analysis using a 
Bayesian model and perspective projections." Brain, Vision and AI no. 4 (6):978-953. 
Riskind, John H. 1984. "They stoop to conquer: Guiding and self-regulatory functions of physical 
posture after success and failure." Journal of Personality and Social Psychology no. 47 
(3):479. 
Rorimer, Anne. 1991. "The date paintings of On Kawara." Art Institute of Chicago Museum 
Studies:121-180. 
Rosenthal, Mark, and Mark Lawrence Rosenthal. 2003. Understanding installation art: from 
Duchamp to Holzer: Prestel Pub. 
Runco, Mark A, and Garrett J Jaeger. 2012. "The standard definition of creativity." Creativity 
Research Journal no. 24 (1):92-96. 
Russell, Bertrand. 1919. "The study of mathematics." Mysticism and Logic: And Other Essays. 
Longman:60. 
Samuel, Geoffrey. 2008. The origins of yoga and tantra: Indic religions to the thirteenth century: 
Cambridge University Press. 
Satchidananda, and Patañjali. 1985. Integral yoga : the yoga sutras of Patanjali. Yogaville, Va.: 
Integral Yoga Publications. 
Satchidananda, Swami. 1984. "The Yoga Sutras of Patanjali: Translation and Commentary by Sri 
Swami Satchidananda." 
Schlemmer, Oskar. 1922. Triadic Ballet. Modern dance theatre. 
Schlemmer, Oskar. 1971. Man: teaching notes from the Bauhaus: Mit Press. 
Schlemmer, Oskar, and W Gropius. 1925. "Theatre (Bühne)." Theatre of the Bauhaus. 
Schumacher, Patrik. 2008. "Parametricism as style-Parametricist manifesto." 11th Architecture 
Biennale, Venice: 17-20. 
Shapeways. 2012. Designer Spotlight: Daniela Bertol. In The Shapeways Blog 
3D Printing News and Innovation. 
Shapeways. 2014. Daniela Bertol at MAD: Shapeways Designer in Residence. In The Shapeways Blog 
3D Printing News and Innovation: Shapeways. 
Smith, Matthew Wilson. 2012. "The Theatre of the Bauhaus: The Modern and Postmodern Stage of 
Oskar Schlemmer (review)." Modern Drama no. 55 (1):162-164. 
Sparwasser, Gabriele, Sylvie Fortin, Odile Rouquet, and Serge Ricci. 2008. Somatic approaches to 
movement. [Pantin]: Recherche en mouvement [prod., éd., distrib.]. 
Spencer, Liz, Jane Ritchie, Jane Lewis, and Lucy Dillon. 2003. "Quality in qualitative evaluation: a 
framework for assessing research evidence." 
Stein, Jack Madison. 1960. Richard Wagner & the synthesis of the arts: Detroit, Wayne U. P. 
Sternberg, Robert J, and Todd I Lubart. 1995. Defying the crowd: Cultivating creativity in a culture of 
conformity: Free Press. 
Svatmarama, Swami, and Brian Dana Akers. 2002. The Hatha yoga pradipika: YogaVidya. com. 
  
 
123 
Takaki, Ryuji. 1994. Research of Pattern Formation: KTK Scientific Publishers. 
Thompson d'Arcy, W. 1917. On growth and form. Vol. 16, Cambridge: Cambridge University Press. 
Torrance, E Paul. 1988. "The nature of creativity as manifest in its testing." The nature of 
creativity:43-75. 
Ukeles, Mierle Laderman. 1969. "Manifesto for Maintenance Art, 1969! Proposal for an Exhibition 
‘Care.’." New York, Ronad Feldman Fine Arts, Inc., accessed no. 18 (04):2007. 
UXL, Enciclopaedia. 2015. "Prototype." In UXL Encyclopedia of Science, edited by Amy Hackney 
Blackwell and Elizabeth Manar. Farmington Hills, MI: UXL. 
Varela, Francisco J, and Jonathan Shear. 1999. "First-person methodologies: What, why, how." 
Journal of Consciousness studies no. 6 (2-3):1-14. 
Vialatte, François B., Hovagim Bakardjian, Rajkishore Prasad, and Andrzej Cichocki. 2009. "EEG 
paroxysmal gamma waves during Bhramari Pranayama: A yoga breathing technique." 
Consciousness and Cognition no. 18 (4):977-988. doi: 
http://dx.doi.org/10.1016/j.concog.2008.01.004. 
Vitruvius Pollio, Morgan M. H. 1960. Vitruvius: the ten books on architecture. New York: Dover 
Publications. 
West, Jeremy, Christian Otte, Kathleen Geher, Joe Johnson, and David C. Mohr. 2004. "Effects of 
Hatha Yoga and African Dance on Perceived Stress, Affect, and Salivary Cortisol." Annals of 
Behavioral Medicine no. 28 (2):114-118. 
Weyl, Hermann. 1952. Symmetry. Vol. 168: Princeton University Press Princeton. 
Winther, Rasmus Grønfeldt. 2014. "World Navels." 
Zahn, Rachel. 2008. Embodied, Disembodied and Re-embodied Cognition: The Potentials and 
Obstacles for Elegant Human–Computer Interfaces. Paper read at 5th International 
Conference on Enactive Interfaces Proceedings. 
Zhao, Liwei, and Norman I Badler. 2001. "Synthesis and acquisition of laban movement analysis 
qualitative parameters for communicative gestures." 
 
 
104 
 
Appendix A |MAKING PROTOTYPES 
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‘Movement Infrastructure’ Prototype 2: Sun Farm, August-October 2014 
The second prototype, also based on the icosahedron, was designed and assembled for 
outdoor use at Sun Farm, a land art project in the Hudson Valley (New York, USA). Sun 
Farm has already been the site for other site specific performance art work (Bertol 2015d). 
Based on ritualistic actions, the performances relate to the spatial definition of land art 
interventions, which have been designed to frame celestial events (Bertol 2008b). The 
movement sequence Finding the Axis Mundi was performed in 2006-2011 at three Sun 
Farm locations: Axis Mundi (in a pond), Sunrise Trellis and Square Field. While the built 
interventions in Sun Farm landscape served as orientation in the natural landscape, there 
was no physical built framework to inscribe movement sequences; my body was used as 
awareness of the link between the earth and the perception of the sky.  
The placement of a ‘movement infrastructure’ added another layer in the connection 
between body, earth and sky: its placement in relationship with the already present 
fabrications enhanced the sundial properties of these built intervention, by alignment or 
casting of shadows. This prototype was located in proximity of Sunrise Trellis (figure A.1) 
and based on connectors following design concept ‘B’, with a variation: the springing 
fittings were replaced by cylindrical parts to be inserted in the pipe with 3-millimeter holes 
to allow fasteners to connect the edges/pipes with the joints/vertices. The edges consisted 
of PVC pipe with an internal diameter of ¾ inches, and 46¾ inches long. The connectors 
were fabricated using the 3D printer Makerbot Replicator, from the School of Architecture 
of Deakin University. The material used was a polylactide thermoplastic polyester (PLA), 
derived from renewable sources and biodegradable, a material of common use in 3D 
printing. Despite its environmentally friendly characteristics, PLA resulted not suitable for 
outdoor use and not structurally strong. Replacement fittings (not as environmentally 
friendly as PLA but more resistant and durable) were 3D-printed by a XYZ printing machine 
that I purchased specifically with the purpose to explore a multitude of design variations. 
Besides the icosahedron, other polyhedra were built at human scale (figure A.1-2). The 
polyhedra served to inscribe my body in poses, specific to each Platonic solid (figure A.1), 
where the navel is centered on the polyhedron and the limbs’ extremities are aligned to the 
polyhedron vertices. The pose was the focus of the relationship between the body and the 
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polyhedron; it did not lead to any movement practice, and therefore it will not be discussed 
in the following “Moving” section.  
 
 
A.1  ‘Movement infrastructure’: prototype 2 at Sun Farm 
 
 
 
A.2  Dodecahedron (left) and octahedron (right) at Sun Farm. 
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‘Movement Infrastructure’ Prototype 3: New York, February 2015-present 
The third prototype was designed for my studio, located in my home in New York. The 
prototype was based on a icosahedron inscribed in a sphere of one-meter radius (CR); the 
radius length also measures the distance from my navel to my feet (figure A.3).  
 
 
A.3  ‘Movement infrastructure’: prototype 3 
 
The icosahedron was designed and built specifically to fit my body. The length of the 
icosahedron edges EL was provided by the formula 
EL = 2 cos β CR 
where β is the angle defined by two consecutive vertices endpoints and the center of 
polyhedron as vertex. The prototype consisted of edges made of ¾-inch PVC pipes, 46¾ 
inches (118.75 cm) long. The design of the vertices/connectors was based on a simplified 
version of concept ‘A’ (figure A.4). The design model was extremely minimalistic in terms of 
form and size due to the limited 3D printing capabilities of the low-end XYZ printing 
machine. Even using a simplified and minimized model, the 3D printing of each connector 
took almost five hours.  
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A.4  Icosahedron vertex concept ‘A’ for prototype 3: digital model (left) and 3D print (right) 
 
The prototype was disassembled and reinstalled at the New York Maker Faire, 26-27 
September 2015, as a component of an exhibition/performance titled “Making a 
Movement Infrastructure”, which will be discussed in the “moving” section of this 
chapter. 
‘Movement Infrastructure’ Prototype no. 4: Burwood, December 2015 and 
Geelong, February 2016 
The fourth prototype was constructed for my PhD colloquium. It was assembled in 
Burwood, in November 2015 (figure A.5). The design of the connector was based on 
concept ‘A’ but for this prototype the formal characteristics were emphasized: the size of 
the fillet radius for the connection of two consecutive edges was increased to dramatize the 
sweeping movement of connecting-disconnecting separate limbs. The connectors were 3D 
printed in the thermoplastic polymer ABS (acrylonitrile butadiene styrene) by a Makerbot 
Replicator 2, owned by the Motion Lab at the SCCA at Deakin University. 
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A.5  ‘Movement infrastructure’: prototype 4 in Burwood 
 
The materials used for the edges were chosen to differentiate the three golden rectangles 
perpendicular to each other—defined by sides whose length is proportional to the golden 
ratio. Pipes of 16mm diameter, made of wood, stainless steel and black PVC, identified 
three sets of warped diamond shapes with a diagonal connecting the closest opposite 
vertices. Such diagonals are also coincident with the shorter sides of the golden 
rectangles—which, as discussed in the methodology chapter, can identify the three 
anatomical planes of a performer whose navel is approximately coincident with the center 
of the icosahedron. 
The same prototypes has been used also for the exhibition and performance “Being, 
Vitruvian” which took place at the ADPML Gallery of Deakin University in February 2016. 
‘Movement Infrastructure’ Prototype no. 5, New York, October 2016 
The fifth prototype was made of connectors based on concept ‘A’ and of ¾-inch PVC pipes, 
46 inches (116.8 cm) long. The PVC pipes were of three different colors—red, blue and 
yellow—grouped to define six sets of concave diamond shapes and three sets of golden 
rectangles coincident with the anatomical planes of a performer placed in the center of the 
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icosahedron, similarly to prototype no. 4. The joints were made of ABS plastic, 3D-printed 
by a Lulzbot TAZ 5, which I purchased in September 2015 (figure A.6). 
 
 
A.6  ‘Movement infrastructure’: prototype 5 
 
This prototype (figure A.6) was presented at New York Maker Faire, taking place at the New 
York Hall Science, 1-2 October 2016, for an exhibition/performance titled “Making Moves” 
which will be described in the Moving section of this chapter. 
‘Movement Infrastructure’ Prototype no. 6, Rome, October 2016 
 
The sixth prototype, also based on the icosahedron, was presented at the European Edition 
of the Maker Faire, taking place in Rome, 14-16 October, as centerpiece of the 
exhibition/performance also titled “Making Moves” (figure A.7). 
This prototype for the first time used metal pipes: 46 inches (116.8 cm) aluminum pipe 
of 16mm diameter. The joints were made of ABS material, 3D-printed by my Lulzbot TAZ 5, 
based on concept ‘A’. The connector component had the same fillet radius of the connector 
for prototype no. 5 while the attachment—therefore the sweeping profile of the 
connector—was dimensioned to fit inside the aluminum pipe. The ABS was of three 
different colors—red, black and yellow—to differential the three golden rectangles acting 
as anatomical planes. 
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A.7  ‘Movement infrastructure’: prototype 6 
 
‘Movement Infrastructure’ Prototype no. 7: Geelong, February 2017 
The seventh prototype was constructed for the PhD examination (figure A.8). It was 
assembled in Geelong in February 2017 and was made of the three-material edges that 
were part of the fourth prototype. The design of the joint/vertex was based on concept ‘A’ 
of dimensions and form similar to prototype no. 6, but for this prototype a different 
material was introduced: Bridge nylon. The failure of the majority of the ABS connections 
printed for prototype no. 4 made me choose nylon—a material often used for machine 
components for its great structural strength and flexibility. Unfortunately, the 3D printing 
success rate is low compared to materials more commonly used, such as ABS or PLA. I was 
able to 3D-print ten joints with my Lulzbot Taz 5, but for the last two parts I had to 
outsource the 3D printing to Shapeways, a commercial service. The two parts were printed 
by Shapeways in nylon using the Selective Laser Sintering (SLS) manufacturing technology. 
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A.8  ‘Movement infrastructure’: prototype 7 
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appendix B | MOVEMENT SEQUENCES VIDEO RECORDINGS | 2012 - 2016
#
date 
year/month/
day
filename title Geospatial Coordinates Location recording time
1 20120921
NYC-120921-Hudsonriver-yogasunset-
equinox (1).MTS
NYC-120921-Hudsonriver-yogasunset-
equinox (2).MTS
Finding the Axis Mundi in NYC by the Hudson 
River at Sunset, September Equinox | 
20120921
40.77829, -73.98989 Hudson River Waterfront, New York, USA 137
2 20130528
vitruvianyoga-headstand.mov
vitruvianyoga-vinyasa-1_2.mov Il Corpo E lo Spazio | Body & Geometry: Vitruvian Yoga -38.19814, 144.29859
Deakin University
Waurn Ponds, Victoria, 
Australia
345
3 20131102 131102-AU-Torquay-yogaheadstand.mp4
Finding the Axis Mundi by the Indian Ocean in 
Torquay
 | 20131102
-38.33789, 144.32602 Torquay, Victoria, Australia 53
4 20131117
131117Au-WaurnPonds- yoga-db-
headstand-anklerolls.mp4
131117Au-WaurnPonds- yoga-db-
kundalinikriyas.mp4
Kundalini Sequencing | 20131117 -38.19814, 144.29859
Deakin University
Waurn Ponds, Victoria, 
Australia
178
5 20140324 140324AU-Geelong-waterfront-dbrotations.mp4
Rotations by the Geelong Waterfront | 
20140324 -38.14346, 144.36285
Geelong, Victoria, 
Australia 92
6 20140331
140331AU-Geelong-Waterfront-
dynamosphere-rotations (1).mp4
140331AU-Geelong-Waterfront-
dynamosphere-rotations (2).mp4
Rotations by the Geelong Waterfront Inspired 
by the Dynamosphere | 20140331 -38.14346, 144.36285
Geelong, Victoria, 
Australia
7 20140402
140402AU-Geelong-dbicosahedron-
ExploringtheAxisMundi.mp4
140403AU-Geelong-dbicosahedron-
ExploringtheAxisMundi.mp4
Exploring the Axis Mundi in the Icosahedron | 
20140402 -38.15039, 144.36605
Geelong, Victoria, 
Australia 98
8 20140419 140419_120818-AU-WhitsundayIslands-Whitehaven-yoga.mp4
Finding the Axis Mundi by the Coral Sea | 
20140419 20.24813, 149.02133
Whitehaven Beach Hill 
Inlet 114
9 20140525 140525AU-Geelong-dbicosahedron.mp4 Icosahedron Explorations | 20140525 -38.15039, 144.36605 Geelong, Victoria, Australia 241
10 20140615 140615AU-Geelong-dbicosahedron.mp4140615AU-Geelong-dbicosap4.mp4 Icosahedron Explorations | 20140615 -38.15039, 144.36605
Geelong, Victoria, 
Australia 221
11 20140617
140617AU-Geelong-dbicosahedronscale 
(1).mp4
140617AU-Geelong-dbicosahedronscale 
(2).mp4
Exploring Laban Scales in the Icosahedron | 
20140617 -38.15039, 144.36605
Geelong, Victoria, 
Australia 249
12 20140619 140619AU-Geelong-dbicosahedronscale.mp4
Exploring Laban Scales in the Icosahedron | 
20140619 -38.15039, 144.36605
Geelong, Victoria, 
Australia 151
13 20140621 140621AU-Geelong-dbicosahedron-scaleA.mp4
Exploring Laban Scale A in the Icosahedron | 
20140621 -38.15039, 144.36605
Geelong, Victoria, 
Australia 274
14 20140623 140623AU-dbicosahedron-axismundi.mp4 Exploring the Axis Mundi In the Icosahedron | 20140623 -38.15039, 144.36605
Geelong, Victoria, 
Australia 200
15 20140628 140628AU-Geelong-db-icosahedron-variations.mp4
Geometric Movement Variations in the 
Icosahedron | 20140628 -38.15039, 144.36605
Geelong, Victoria, 
Australia 524
16 20140629 140629AU-dbicosa-vertexrotation-lateralraises.mp4
Movements in the Icosahedron: Vertex 
Rotations and Lateral Raises | 20140629 -38.15039, 144.36605
Geelong, Victoria, 
Australia 227.0
17 20140705 140705AU-Geelong-db-icosahedron-diagonalscales.mp4
Exploring Diagonals in the Icosahedron | 
20140705 -38.15039, 144.36605
Geelong, Victoria, 
Australia 241
18 20140709 140709AU-Geelong-dbicosahedron-improvisationpractice.mp4 Improvisations in the Icosahedron | 20140709 -38.15039, 144.36605
Geelong, Victoria, 
Australia 421.0
19 20140719 140719AU-Geelong-dbicosa-improv-rotations-diagonal.mp4
Rotation & Diagonal Explorations in the 
Icosahedron | 20140719 -38.15039, 144.36605
Geelong, Victoria, 
Australia 427.0
20 20140903 20140903US-NYC-RooseveltIsland-FourFreedomPark-yoga.mov
Finding the Axis Mundi in the Four Freedom 
Park in Roosevelt Island | 20140903 40.750266, -73.960980
Roosevelt Island, New 
York, USA 185
21 20140915
20140915US-NYC-RooseveltIsland-
yogamovementart (1).mp4
20140915US-NYC-RooseveltIsland-
yogamovementart (2).mp4
Finding the Axis Mundi in the Four Freedom 
Park in Roosevelt Island | 20140915
40.750266, -73.960980
40.750977, -73.960070
Roosevelt Island, New 
York, USA
156
111
22 20140915 20140915US-NYC-YogaLabanScale-CentralParkSummitRock.mp4
Finding the Axis Mundi in Central Park | 
20140915 40.78311, -73.96994
Summit Rock, Central 
Park, New York, USA 184
23 20140919 20140919US-NYC-YogaLaban-CentralParkSummitRock.mp4
Finding the Axis Mundi in Central Park | 
20140919 40.78311, -73.96994
Summit Rock, Central 
Park, New York, USA 158
24 20140922 20140922US-NYC yogalaban-HudsonWaterrfront.mp4
Finding the Axis Mundi on the Hudson River | 
20140922 40.77829, -73.98989
Hudson River Waterfront, 
New York, USA 121
25 20140923
20140923US-NYC-HudsonWaterfront-1.
mp4
20140923US-NYC-HudsonWaterfront-2.
mp4
Finding the Axis Mundi on the Hudson River | 
20140923 40.77829, -73.98989
Hudson River Waterfront, 
New York, USA 126
26 20141003
20141003US-NYC-HudsonWaterfront-
YogaLabanScale-EEG (1).mp4
20141003US-NYC-HudsonWaterfront-
YogaLabanScale-EEG (2).mp4
Finding the Axis Mundi on the Hudson River | 
20141003 40.77829, -73.98989
Hudson River Waterfront, 
New York, USA
147
118
27 20141012 20141012US-NY-SunFarm-Icosahedron.mp4
Finding the Axis Mundi on Sun Farm | 
20141012 42.172532, -73.675080
Sun Farm, Claverack, 
New York 229
28 20141112
141112Italy-Pisa-PERCRO-db-XCAVE-
Hypericosahedron*.jpg
141112Italy-Pisa-PERCRO-db-XCAVE-
TorusMeditations*.jpg
43.72921, 10.42237 Pisa, Italy
29 20141113
141113Italy-Pisa-PERCRO-XCAVE-db-
EEG-CartesianSpace*.jpg
141113Italy-Pisa-PERCRO-XCAVE-db-
EEG-FibonacciGoldenSpiral*.jpg
Il Corpo E lo Spazio    |   Moving in Virtual 
Space: a Cartesian World | Moving in Virtual 
Space: Spherical Symmetry, 
Hypericosahedron | Moving in Virtual Space: 
Torus Meditations
43.72921, 10.42237 Pisa, Italy
30 20150201 150201US-NYC-octahedron.mp4 Finding the Axis Mundi at Home | 20150201 40.78124, -73.97867 Home-Studio, New York, USA 245
31 20150202 150202US-NYC-octahedron-icosahedron.mp4 Finding the Axis Mundi at Home | 20150202 40.78124, -73.97867
Home-Studio, New York, 
USA 181
32 20150201 150201US-NYC-octahedron.mp4 Finding the Axis Mundi at Home | 20150201 40.78124, -73.97867 Home-Studio, New York, USA 255
33 20150204 150204US-NYC-icosahedron-trianglebase-headstand.mp4 Finding the Axis Mundi at Home | 20150204 40.78124, -73.97867
Home-Studio, New York, 
USA 169
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filename title Geospatial Coordinates Location recording time
34 20150204 150204US-NYC-Tetrahedron.mp4 Finding the Axis Mundi at Home | 20150204 40.78124, -73.97867 Home-Studio, New York, USA 83
35 20150207 150207US-NYC-OctahedronIcosahedron-greenscreen.mp4 Finding the Axis Mundi at Home | 20150207 40.78124, -73.97867
Home-Studio, New York, 
USA 134
36 20150210 150210US-NYC-icosahedron.mp4 Finding the Axis Mundi at Home | 20150210 40.78124, -73.97867 Home-Studio, New York, USA 240
37 20150219 150219US-NYC-icosahedron-octahedron-headstand.mp4 Finding the Axis Mundi at Home | 20150219 40.78124, -73.97867
Home-Studio, New York, 
USA 195
38 20150223 150223US-NYC-icosahedron_octahedron.mp4 Finding the Axis Mundi at Home | 20150223 40.78124, -73.97867
Home-Studio, New York, 
USA 210
39 20150224 150224US-NYC-icosahedron_octahedron.mp4 Finding the Axis Mundi at Home | 20150224 40.78124, -73.97867
Home-Studio, New York, 
USA 188
40 20150305 150305US-NYC-icosahedronoctahedron.mp4 Finding the Axis Mundi at Home | 20150305 40.78124, -73.97867
Home-Studio, New York, 
USA 199
41 20150306 150306US-NYC-icosahedronoctahedron.mp4
Finding Geometries in the Icosahedron at 
Home 40.78124, -73.97867
Home-Studio, New York, 
USA 261
42 20150309 150309US-NYC-octahedron_axesmundi.mp4 Finding the Axis Mundi at Home | 20150309 40.78124, -73.97867
Home-Studio, New York, 
USA 236
43 20150318 150318US-NYC-icosahedron.mp4 Finding the Axis Mundi at Home | 20150318 40.78124, -73.97867 Home-Studio, New York, USA 271
44 20150323 150323US-NYC-OctahedronIcosahedron.mp4
Finding Geometries in the Icosahedron at 
Home 40.78124, -73.97867
Home-Studio, New York, 
USA 234
45 20150324 150324US-NYC-icosahedron.mp4 Finding the Axis Mundi at Home | 20150324 40.78124, -73.97867 Home-Studio, New York, USA 191
46 20150325 150325US-NYC-Octahedron-icosahedron.mp4
Finding Geometries in the Icosahedron at 
Home 40.78124, -73.97867
Home-Studio, New York, 
USA 202
47 20150424 150424US-NYC-Octahedron-icosahedron.mp4 Finding the Axis Mundi at Home | 20150424 40.78124, -73.97867
Home-Studio, New York, 
USA 137
48 20150406 20150406_1029-US-CA-DeathValley-ZabriskiePoint-Yoga-slomo.mp4
Finding the Axis Mundi at Death Valley | 
20150406 36.42052, -116.81392
Death Valley, California, 
USA 195
49 20150619 20150619US-NYC-HudsonWaterfront.mp4 Finding the Axis Mundi on the Hudson River | 20150619 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 89
50 20150621 20150621_2039-US-NYC-FindingAxisMundit.mp4
Finding the Axis Mundi on the Hudson River | 
20150621 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 67
51 20150624 20150624_2031-US-NYC-HudsonRiver-FindingAxisMundit.mp4
Finding the Axis Mundi on the Hudson River | 
20150624 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 65
52 20150625 20150625-US-NYC-Hudson Waterfront-FindingAxisMundi.mp4
Finding the Axis Mundi on the Hudson River | 
20150625 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 65
53 20150705 20150705_1546-US-NYC-RockawayJacobRiis-FindingAxisMundi.mp4
Finding the Axis Mundi by the Atlantic Ocean 
at Jacob Riis | 20150705 40.56287, -73.8777
Jacob Riis Beach, New 
York, USA 65
54 20150712 20150712_2018-US-NYC-HudsonRiver-FindingAxisMundit.mp4
Finding the Axis Mundi on the Hudson River | 
20150712 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 65
55 20150713 20150713_2003-US-NYC-HudsonRiver-FindingAxisMundi.mp4
Finding the Axis Mundi on the Hudson River | 
20150713 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 65
56 20150716 20150716_20-US-NYC-HudsonRiver-FindingAxisMundi.mp4
Finding the Axis Mundi on the Hudson River | 
20150716 40.75001, -74.00921
Hudson River Waterfront, 
New York, USA 62
57 20150718 20150718-US-NY-SunFarm-AxisMundi.mov Finding the Axis Mundi at Sun Farm | 20150718 42.17257, -73.67529
Sun Farm, New York, 
USA 62
58 20150720 20150720-US-NYC-HudsonWaterfront-AxisMundi.mov
Finding the Axis Mundi on the Hudson River | 
20150720 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 51
59 20150723 20150723-US-NYC-HudsonWaterfront-AxisMundi-slomo.mov
Finding the Axis Mundi on the Hudson River | 
20150723 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 66
60 20150724 20150724-US-NY-SunFarm-sunset-FindingAxisMundi.mp4
Finding the Axis Mundi at Sun Farm at Sunset 
| 20150724 42.17239, -73.67527
Sun Farm, New York, 
USA 85
61 20150725 20150725-US-NY-SunFarm-sunrise-FindingAxisMundi.mp4
Finding the Axis Mundi at Sun Farm at 
Sunrise | 20150725 42.17257, -73.67529
Sun Farm, New York, 
USA 76
62 20150725 20150725-US-NY-SunFarm-axismundi-headstand-slowmo.mov
Finding the Axis Mundi at Sun Farm | 
20150725 42.17257, -73.67529
Sun Farm, New York, 
USA 63
63 20150626 20150626-US-NY-SunFarm-axismundi-headstand-slowmo.mov
Finding the Axis Mundi at Sun Farm | 
20150626 42.17257, -73.67529 42.17257, -73.67529 61
64 20150726 20150726-US-NY-SunFarm-axismundi-water-slowmo.mov
Finding the Axis Mundi at Sun Farm | 
20150726 42.17257, -73.67529 42.17257, -73.67529 61
65 20150727 20150727-US-NYC-HudsonWaterfront-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150727 40.776991, -73.991316 40.776991, -73.991316 59
66 20150731 20150731-US-NYC-HudsonWaterfront-AxisMundi-slomo.mov
Finding the Axis Mundi on the Hudson River | 
20150731 40.776991, -73.991316 40.776991, -73.991316 67
67 20150802 20150802US-NY-SunFarm-FindingtheAxisMundi-trellis.mp4
Finding the Axis Mundi at Sun Farm | 
20150802 42.17257, -73.67529 42.17257, -73.67529 61
68 20150803 20150803-US-NYC-HudsonWaterfront-AxisMundi-slomo.mov
Finding the Axis Mundi on the Hudson River | 
20150803 40.776991, -73.991316 40.776991, -73.991316 58
69 20150804 20150804-US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150804 40.776991, -73.991316 40.776991, -73.991316 60
70 20150805 20150805-US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150805 40.776991, -73.991316 40.776991, -73.991316 54
71 20150806 20150806-US-NYC-Brooklyn-EastRiver-AxisMundi-sunset.mp4
Finding the Axis Mundi on the East River at 
Sunset | 20150806 40.776991, -73.991316 40.776991, -73.991316 40
72 20150807 20150807-US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150807 40.776991, -73.991316 40.776991, -73.991316 64
73 20150813
20150813_1945-US-NYC-
HudsonRiverHighline-AxisMundi-sunset.
mp4
Finding the Axis Mundi on the Highline at 
Sunset | 20150813 40.776991, -73.991316 40.776991, -73.991316 67
74 20150815 20150815US-NY-SunFarm-FindingtheAxisMundi-trellis.mp4
Finding the Axis Mundi at Sun Farm | 
20150815 42.17257, -73.67529 42.17257, -73.67529 64
75 20150816 20150816US-NY-SunFarm-FindingtheAxisMundi-sunrisetrellis.mp4
Finding the Axis Mundi at Sun Farm at 
Sunrise | 20150816 42.17257, -73.67529 42.17257, -73.67529 82
76 20150817 20150817-US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150817 40.776991, -73.991316 40.776991, -73.991316 64
77 20150818 20150818-US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150818 40.776991, -73.991316 40.776991, -73.991316 66
78 20150821 20150821US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150821 40.776991, -73.991316 40.776991, -73.991316 53
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79 20150822 20150822-US-NY-HudsonRiver-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150822 40.776991, -73.991316 40.776991, -73.991316 55
80 20150823 20150823US-NY-SunFarm-FindingtheAxisMundi-sunrisetrellis.mp4
Finding the Axis Mundi at Sun Farm at 
Sunrise | 20150823 42.17257, -73.67529 42.17257, -73.67529 66
81 20150826 20150826-US-NY-HudsonRiver-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150826 40.776991, -73.991316 40.776991, -73.991316 65
82 20150829 20150829US-NY-SunFarm-FindingtheAxisMundi-sunrisetrellis.mp4
Finding the Axis Mundi at Sun Farm at 
Sunrise | 20150829 42.17257, -73.67529 42.17257, -73.67529 120
83 20150921 20150921US-NYC-roof-FindingtheAxisMundi-sunrise.mp4
Finding the Axis Mundi on the Roof at Sunrise 
| 20150921 40.776991, -73.991316 40.776991, -73.991316 82
84 20150920
20150920US-NY-SunFarm-
FindingtheAxisMundi-sunrisetrellis-equinox.
mp4
Finding the Axis Mundi at Sun Farm on the 
Equinox at Sunrise | 20150920 42.17257, -73.67529 42.17257, -73.67529 78
85 20150924 20150924_1838US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20150924 40.776991, -73.991316 40.776991, -73.991316 60
86 20150926
20150926US-NYC-Queens-MakerFaire-
IcosahedronOctahedron-
FindingtheAxisMundi.mp4
Icosahedron Explorations at New York Maker 
Faire | 20150926 40.74642, -73.85142
Maker Faire, New York, 
USA 107
87 20150926
20150926US-NYC-Queens-MakerFaire-
IcosahedronOctahedron-
FindingtheAxisMundi.mp4
Icosahedron Explorations at New York Maker 
Faire | 20150926 40.74642, -73.85142
Maker Faire, New York, 
USA 107
88 20151007 20151007_1815US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20151007 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 107
89 20151011
20151011US-NY-SunFarm-
FindingtheAxisMundi-sunrisetrellis-noon.
mp4
Finding the Axis Mundi at Sun Farm at 
Sunrise | 20151011 42.17257, -73.67529
Sun Farm, Claverack, 
New York, USA 107
90 20151011 20151011US-NY-US-FindingtheAxisMundi-Clermont-sunset- (1).mp4
Finding the Axis Mundi in Clermont at Sunset 
| 20151011 40.776991, -73.991316
Clermont, New York, 
USA 84
91 20151007 20151007_1815US-NYC-HudsonWaterfront-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20151007 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 107
92 20160224 20160224_0740AU-DogRocks-FindingtheAxisMundi-sunrise.mp4
Finding the Axis Mundi on the Dog Rocks at 
Sunrise | 20160224 -38.09733, 144.26573
Dog Rocks, Batesford, 
Victoria, Australia 255
93 20160326 20160326-US-NY-HudsonRiver-AxisMundi-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160326 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 107
94 20160327 20160327US-NY-SunFarm-FindingtheAxisMundi-trellis.mp4
Finding the Axis Mundi at Sun Farm | 
20160327 42.17257, -73.67529
Sun Farm, New York, 
USA 67
95 20160417 20160417-US-NYC-HudsonRiver-FindingtheAxisMund-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160417 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 47
96 20160419 20160419_1922-US-NYC-HudsonRiver-FindingtheAxisMund-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160419 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 39
97 20160424 20160424_1929-US-NYC-HudsonRiver-FindingtheAxisMund-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160424 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA 66
98 20160430 US-CA-YosemiteValley-FindingtheAxisMundi-sequoia.jpg
Finding the Axis Mundi by the Sequoia in 
Yosemite Valley | 20160430
37.812931, 
-119.878841
Yosemite Valley, 
California, USA 54
99 20160430 20160430_1424US-CA-YosemiteValley-FindingtheAxisMundi.mp4
Finding the Axis Mundi by the Merced River in 
Yosemite Valley | 20160430 37.74628, -119.59758
Yosemite Valley, 
California, USA 54
100 20160430 20160430_1525US-CA-YosemiteValley-FindingtheAxisMundi.mp4
Finding the Axis Mundi by El Capitan in 
Yosemite Valley | 20160430
37.739968, 
-119.601351
Yosemite Valley, 
California, USA 29
101 20160501
20160501_195652-US-SanFrancisco-
GoldenGateBridge-FindingtheAxisMundi.
mp4
Finding the Axis Mundi by the Golden Gate 
Bridge in San Francisco | 20160501 37.80937, -122.47005
San Francisco, California, 
USA 56
102 20160523
20160523_0717US-NYC-
FindingAxisMundi-
CentralParkShakespeareGardens-sunrise.
mp4
Finding the Axis Mundi at Shakespeare 
Garden in Central Park | 20160523 40.776991, -73.991316
Central Park, New York, 
USA 75
103 20160529 20160529_170US-NYC-FindingAxisMundi0RockawayOcean.mp4
Finding the Axis Mundi by the Atlantic Ocean 
at Rockaway Beach | 20160529 40.776991, -73.991316
Rockaway Beach, New 
York, USA 50
104 20160606
20160606_0732US-NYC-
FindingAxisMundi-CentralParkwatersunrise.
mp4
Finding the Axis Mundi in Central Park at 
Sunrise | 20160606 40.776991, -73.991316
Central Park, New York, 
USA 96
105 20160611 20160611_15US-NYC-FindingAxisMundi-ConeyIslandPier.mp4
Finding the Axis Mundi by the Atlantic Ocean 
in Coney Island
 | 20160611
40.776991, -73.991316 Coney Island, New York, USA 44
106 20160618
20160618_1554US-NYC-
FindingAxisMundi0RockawayOcean.mp4
20160618_1705US-NYC-
FindingAxisMundi0RockawayOcean.mp4
20160618_1706US-NYC-
FindingAxisMundi0RockawayOcean.mp4
Finding the Axis Mundi by the Atlantic Ocean 
in Rockaway
 | 20160618
40.58343, -73.81245
40.776991, -73.991316
Rockaway Beach, New 
York, USA
50
23
25
107 20160620
20160620_2031US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset-solstice.mp4
0160620_2038US-NYC-FindingAxisMundi-
HudsonRiverWaterfront-sunset-solstice.
mp4
20160620_2036US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset-solstice.mp4
Finding the Axis Mundi on the Hudson River 
at the Solstice Sunset | 20160620 40.776991, -73.991316
Hudson River Waterfront, 
New York, USA
63
11
10
108 20160626 20160626_14US-NJ-AtlanticCityFindingAxisMundi.m4v
Finding the Axis Mundi by the Atlantic Ocean 
in Atlantic City | 20160626 39.35014, -74.44575
Atlantic City, New Jersey, 
USA 132
109 20160626 20160626_17US-NJ-AtlanticCityFindingAxisMundi.m4v
Finding the Axis Mundi by the Atlantic Ocean 
in Atlantic City | 20160626 39.35299, -74.4361
Atlantic City, New Jersey, 
USA 129
110 20160627 20160627_0542US-NJ-AtlanticCityFindingAxisMundi-sunrise.mp4
Finding the Axis Mundi by the Atlantic Ocean 
in Atlantic City at Sunrise | 20160627 39.34942, -74.44755
Atlantic City, New Jersey, 
USA 91
111 20160705
20160705_2029US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160705 40.77829, -73.98989
Hudson River Waterfront, 
New York, USA 62
112 20160706
20160706_2008US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160706 40.77437, -73.993
Hudson River Waterfront, 
New York, USA 50
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113 20160717
20160717_1325Italy-Roma-
FIndingtheAxisMundi-ObeliskSanPietro-
noon.mp4
Finding the Axis Mundi by the Obelisk in 
Piazza San Pietro at Noon | 20160717 41.902247, 12.457259 41.902247, 12.457259 84
114 20160719 20160719_070Italy-Roma-findingaxismundiSivori5-sunrise.mp4
Finding the Axis Mundi Indoor in Rome at 
Sunrise | 20160719 41.906078, 12.447573
Studio in Via Sivori 5, 
Rome, Italy 83
115 20160721 20160721_074Italy-Roma-FIndingtheAxisMundi-Sivori5_14.mp4
Finding the Axis Mundi Indoor in Rome | 
20160722 41.906078, 12.447573
Studio in Via Sivori 5, 
Rome, Italy 94
116 20160726 20160726_1043Italy-Roma-FindingtheAxisMundiSivori5.mp4
Finding the Axis Mundi Indoor in Rome | 
20160726 41.906078, 12.447573
Studio in Via Sivori 5, 
Rome, Italy 55
117 20160727 20160727_0809Italy-Roma-FindingtheAxisMundiSivori5.mp4
Finding the Axis Mundi Indoor in Rome | 
20160727 41.906078, 12.447573
Studio in Via Sivori 5, 
Rome, Italy 69
118 20160731 20160731_183Italy-Gaeta-FIndingtheAxisMundi-palmtree.mp4
Finding the Axis Mundi by a Palm Tree in 
Gaeta | 20160731 41.20875, 13.57195
Serapo Beach, Gaeta, 
Italy 44
119 20160731
20160731_185Italy-Gaeta-
FIndingtheAxisMundi-
reflectingswimmingpool.mp4
Finding the Axis Mundi by the Swimming Pool 
in Gaeta | 20160731 41.20875, 13.57195 Serapo Beach, Gaeta, Italy 34
120 20160731 20160731_192Italy-Gaeta-FindingAxisMundi-Serapo.mp4
Finding the Axis Mundi by the Mediterranean 
Sea in Gaeta | 20160731 41.20758, 13.57052 Serapo Beach, Gaeta, Italy 53
121 20160801 20160801_084Italy-Gaeta-FindingAxisMundi-MtOrlando.mp4
Finding the Axis Mundi in Monte Orlando | 
20160801 41.20844, 13.57243
Monte Orlando, Gaeta, 
Italy 52
122 20160807
20160807_1331Italy-Roma-
FIndingtheAxisMundi-SanPietroObelisk-
noon.mp4
Finding the Axis Mundi by the Obelisk in 
Piazza San Pietro at Noon | 20160807 41.902373, 12.457261
Piazza San Pietro, Rome, 
Italy 49
123 20160810
20160810_1826Italy-Castelporziano-
FIndingtheAxisMundi-MarTirreno-sunset.
mp4
Finding the Axis Mundi in Castelporziano by 
Mar Tirreno at Sunset | 20160810 41.67102, 12.3949
Castelporziano, Rome, 
Italy 62
124 20160811 20160811_1048Italy-Roma-FindingtheAxisMundiSivori5.mp4
Finding the Axis Mundi Indoor in Rome  | 
20160811 41.906078, 12.447573
Studio in Via Sivori 5, 
Rome, Italy 66
125 20160812
20160812_0820Italy-Roma-
FIndingtheAxisMundi-SanPietroObelisk-
suneast.mp4
nding the Axis Mundi by the Obelisk in Piazza 
San Pietro with the Sun at the East | 
20160812
41.902373, 12.457261
Piazza San Pietro, Rome, Italy
43
126 20160813
20160813_1821Italy-Roma-
FIndingtheAxisMundi-SanPietroObelisk-
sunwest.mp4
nding the Axis Mundi by the Obelisk in Piazza 
San Pietro with the Sun at the West | 
20160813
41.902373, 12.457261
Piazza San Pietro, Rome, Italy
49
127 20160814
20160814_083Italy-Roma-
FIndingtheAxisMundi-MonteCiocci-
panorama.mp4
Finding the Axis Mundi at Monte Ciocci in 
Rome | 20160814 41.90475, 12.44131 Monte Ciocci, Rome, Italy 64
128 20160811 20160811_1048Italy-Roma-FindingtheAxisMundiSivori5.mp4
Finding the Axis Mundi Indoor in Rome | 
20160811 41.906078, 12.447573
Studio in Via Sivori 5, 
Rome, Italy 66
129 20160904 20160904_124US-NY-SunFarm-FindingtheAxisMundi-water.mp4
Finding the Axis Mundi by the Water at Sun 
Farm | 20160904 42.17254, -73.67339
Sun Farm. New York, 
USA 64
130 20160905
20160905_1916US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160905 40.77829, -73.98989
Studio in Via Sivori 5, 
Rome, Italy 53
131 20160912 20160912_144US-NYC-FindingAxisMundi-ManhattanBeach.mp4
Finding the Axis Mundi by the Atlantic Ocean 
at Manhattan Beach | 20160912 40.57588, -73.94293
Manhattan Beach, New 
York, USA 60
132 20160912
20160912_1905US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160912 40.77829, -73.98989
Hudson River Waterfront, 
New York, USA 48
133 20160913
20160913_1845US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160913 40.77699, -73.99131
Hudson River Waterfront, 
New York, USA 42
134 20160922 20160922_184US-NYC-FindingAxisMundi-HudsonRiverWaterfront-sunset.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20160922 40.77605, -73.99197
Hudson River Waterfront, 
New York, USA 57
135 20160925
20160925_1831US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
equinox-sunset.mp4
Finding the Axis Mundi on the Hudson River 
on the Equinox at Sunset | 20160925 40.77605, -73.99197
Hudson River Waterfront, 
New York, USA 83
136 20160926 20160926_165US-NYC-FindingAxisMundi-dodecaicosa-160W77.mp4 Dodecahedron in the Icosahedron | 20160926 40.78124, -73.97867
Home-Studio, New York, 
USA 141
137 20161001 20161001US-NYC-FIndingtheAxisMundi-QueensHallofScience-MakerFaire.mp4
Icosahedron Explorations at the New York 
Maker Faire | 20161001 40.74642, -73.85142
New York Hall of 
Science, Queens, New 
York, USA
153
138 20161002 20161002US-NYC-FIndingtheAxisMundi-QueensHallofScience-MakerFaire*.jpg
Icosahedron Explorations at the New York 
Maker Faire, Queens, New York, USA | 
20161002
40.74642, -73.85142
New York Hall of 
Science, Queens, New 
York, USA
139 20161014 20161014_Rome-icosahedron-MakerFaire.jpg
Icosahedron Explorations at Rome Maker 
Faire | 20161016 41.80675, 12.32942
Fiera di Roma, Rome, 
Italy 
140 20161014 20161014_Rome-icosahedron-MakerFaire.jpg
Icosahedron Explorations at the Rome Maker 
Faire | 20161016 41.80675, 12.32942
Fiera di Roma, Rome, 
Italy
141 20161022 20161022_111Italy-Roma-FIndingtheAxisMundi-Sivori5.mp4
Finding the Axis Mundi Indoor in Rome | 
20161022 41.90607, 12.44757
Studio in Via Sivori 5, 
Rome, Italy 76
142 20161120 20161120_111US-NYC-icosahedron.mp4 Icosahedron Explorations | 20161120 40.78124, -73.97867 Home-Studio, New York, USA 271
143 20161220
20161220_16Mexico-PlayadelCarmen-
FIndingtheAxisMundi
20161220_16Mexico-PlayadelCarmen-
sunset.mp4
20161220_16Mexico-PlayadelCarmen-
ocean.mp4
Finding the Axis Mundi at Sunset by the 
Caribbean Sea, Playa del Carmen, Mexico | 
20161220
20.69726, -87.01423 Playa del Carmen, Mexico 73
144 20161221
20161221_0728Mexico-PlayadelCarmen-
FIndingtheAxisMundi.mp4
20161221_0729Mexico-PlayadelCarmen-
FIndingtheAxisMundi.mp4
Finding the Axis Mundi at the Solstice Sunrise 
by the Caribbean Sea | 20161221 20.69726, -87.01423
Playa del Carmen, 
Mexico 93
145 20161222 20161222_103Mexico-Tulum-FIndingtheAxisMundi.mp4
Finding the Axis Mundi by the Caribbean Sea 
and the Mayan Ruins | 20161222 20.21422, -87.42873 Tulum Mexico | 20161222 38
146 20161226
20161226_1620US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset.mp4
20161226_1620US-NYC-
FindingAxisMundi-HudsonRiverWaterfront-
sunset2.mp4
Finding the Axis Mundi on the Hudson River 
at Sunset | 20161226 40.7801, -73.98896
Hudson River Waterfront, 
New York, USA 58
